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REVISER’S PREFACE. 

the animal oils and fats ar^ essentially simi- 
Vegetable oils and fats in composition, the raw 
^ require somewhat different methods of treat- 
^ their extraction, hence it appeared to the 
^ book treating specially upon animal fats 
■'vould form a useful companion to those already 
On “ Vegetable Fats and Oils ” and “ Drying 
The extent of the various industries connected 
~ F’^’^P^tation of rp^-tgarine, lard, tallow, whale, 
^ fish oils, degras, wool fat, etc., proves that the 
Js a. most important one and that it must there- 
-rest a very large number of people. It should 
object of a textbook of this kind to blend 
■1 experience with scientific knowledge in such a 
to render it acceptable to the largest number of 
> whom it appeals, and the author is hopeful that 
been able to do so, at any rate to at least a fair 
considering the large amount of material to be 
L and the need to condense it within a moderate 
s. 

: tbird revised edition now issued has been con- 
y extended so as to include much new material, 
ame time the text has been thoroughly revised 
>uig-ht up to date, it is therefore hoped that the 
ill prove useful to all those who are interested in 
iuction and use of Animal Oils and Fats. 
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A^IsTlMAL FATS AND OILS. 

(.‘HAl'Ii'.R I. 

' . IKtKODUCTKiN. 

The products known tiiukrr the name? of “animal fats " arc 
closely related, fc>otR >“ their t hcmit al and [ihysical jmsperties, 
to the vegetat>le: fats. i.ike the latter, they arc, for the most 
part, compounds <*i one or more fatty acids with ulyccrinc. 
At ordinary tempcr.'ittires, they are either solid, semi-nuid or 
perfectly liquid ; s»nr^ leave txihiin! |i<.:rmaiH;nt greasy tuarks 
on paper. T'tn&y <ltss,f»ive slightly in boiling alcohol and com¬ 
pletely in ether, l>r:ii/.cne, ami carhrHi bisnli»hidt’; can In; 
mixed together whcf» in a mcltcfi eondtiioa, L-., when heated, 
and are all ligflitcr than water, st* that they lloat on that 
liquid. When rubbed in thin layers on other snhstanas, 
such, for example, the skin, wood, etc,, they r«:(a,’l watery 
liquids, and thereby afford a crrtidn amount of pnitcct ion 
against the penetrat5«»ti of an.h. Finally, they exhibit what 
is generally denoted a ” greasy feel ’* when hamUcfi, 

The fats are encountered throughout titc animal kiim;doin, 
in all its classe.s anti nubtlivtsioiii. 'I hey are met with in 
mammals, birds, utnphiliia, tish, ami even in inst'cts, and ouair 
particularly in se|>siratc layers uitflcr the Hkiti, inter«|a;rsed in 
the flesh, between tlic intfjstines, or titorm! in the hrain ; a, 
great part of the nutriitntmt ahsttrlxnl into the animal ecoimmy 
being converted intt> fat whirh timlcr normal tanwlitiott'i it* 
stored as a reserve material. Thus, uiitlcr errtstin fircuin- 
stances the fat aecuirittlated in the animal tjody can «'fve to 
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support the individual, for a short time, as a means for the 
continuance of life during periods when the supply of nutri¬ 
ment is either reduced or entirely suspended. This is ob¬ 
served in the case of animals (e.g',, bats, bears, hedgehogs, etc.) 
which hibernate or lie dormant through the winter, awaking 
in spring, or in a favourable season, reduced in flesh. 

The amount of fat stored up in the animal body is a 
particularly variable quantity, depending on the supply of food, 
V' ode of life and other circumstances. As a rule, the accumu¬ 
lation of fat is favoured by a secure and undisturbed existence, 
but may also be considerably increased by artificial means, as 
noted later. The different land animals useful on account of 
their fat are comparatively few in number, and comprise in 
fact only those that are bred on a large scale to be utilised 
partly for food and partly for technical purposes. Moreover, 
the fat of many animals is uneatable, being of unpleasant 
odour and flavour ; and in the case of many others it is present 
in insufficient quantity to serve any industrial purpose. 

There can be no reason to doubt that the fat of animals, 
equally with their flesh, was employed by man, even in the 
earliest times, for manifold purposes, although originally it 
was used for food alone. The use of fat for curative purposes 
—value in which respect is still attributed to beards grease, 
badger’s fat and dog’s fat by cour^try folk—came later. Fats 
for burning and the purpose of illumination, their application 
to the body to enable it to better withstand inclement weather, 
also for impregnating clothing and other articles in order to 
make them soft, supple and waterproof, probably formed the 
next stage of extension; finally, in very recent times, their 
technical utilisation has been considerably developed for soap¬ 
making, candles, etc. 

As regards curative powers, the only fats at present used 
in any quantity are lard and cod-liver oil—very few at present 
believe that bears grease and other fats have any healing 
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powers, the substance now sold under this name, it may be 
mentioned, being merely a mixture of lard and tallow. 

As progress was made in chemico-technical matters, and 
as the population increased, attention was naturally directed 
towards the recovery and utilisation of fats, we can also realise 
by the enormous consumption of soap, candles, etc., the great 
importance attaching to the production of animal fats in the 
present age. Moreover, the by-products obtained in the 
working up of fat play an important rdle^ this being particularly 
the case with glycerine, which is now produced in enormous 
quantities. Whereas half a century ago the glycerine formed 
during saponification which passed into the spent lye and was 
simply allowed to run to waste along with the lye, is to-day a 
highly important article of commerce, the amount annually 
produced throughout the globe being now very considerable. 
Both medicinal glycerine of high grade, and several lower 
qualities for industrial use being made on a very large scale. 

The preparation of fish oils has also greatly increased in 
extent, and many new sources of supply have been discovered. 
The best qualities of cod-liver oil are used for medicinal 
purposes, whilst the inferior grades are chiefly used for 
technical purposes, serving as emollients in leather dressing. 
Whale oil and menhaden oil are also now very largely used. 

So far as the method of preparing animal fats is concerned, 
this was until comparatively recently of a very primitive 
description: the crude fat being melted or rendered in 
open pans heated by direct fire, either with or without water, 
perhaps melted again for purification, and afterwards placed 
on the market. The unpleasant exhalations attendant on 
some fat-rendering operations, especially when old fats (partly 
intermixed with putrefying flesh), bones, etc., were being 
treated, and which contaminated the atmosphere of the whole 
neighbourhood round such tallow-boiling establishments, led to 
the authorities insisting on a modification of the arrangements, 
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SO that at the present time fat-melting works with their per¬ 
fected appliances carry on their occupation without evolving 
any smell and without inconvenience to anyone in the vicinity. 
In recovering fat from bones, glue as well as fat is produced, 
the raw material being thereby fully utilised in a rational 
manner. 

The importance pertaining to animal fats in the world’s 
commerce can be estimated to some extent by the list of im¬ 
ports and exports of various countries, but these do not give 
an adequate conception of the magnitude of the animal fat 
industries, as they take no account of the enormous amounts 
which are locally consumed and for which in many cases there 
are no published data. 



CHAPTER II. 


OCCURRENCE, ORIGIN, PROPERTIES AND CHEMICAL 
CONSTITUTION OF ANIMAL FATS. 

Fat is found in all the organs constituting the animal body— 
in individual places accumulated in large quantity—as well as 
in all animal fluids, with the exception of urine. Certain 
animals exhibit a greater tendency to secrete fat than others, 
the domestic animals having this faculty particularly well 
developed. In the animal organism fat is generally found 
enclosed in special cells, in larger amount in connective tissue, 
in the panniculus adiposus under the skin, in the plexus of the 
abdominal cavity, in the vicinity of the kidneys, in the marrow 
of the bones and spine, in the brain, in the liver and in the 
milk ; and occurring pathologically in so-called fatty tumours 
and in fatty degeneration of the various tissues caused by 
disease. 

Concerning the origin of the fat in the animal body the 
following may be asserted : The fat stored up in the bodies 
of ariimals fed on a generous diet does not consist solely of 
ready-formed fat absorbed from the food, but is to a consider¬ 
able extent elaborated in the body from other chemical com¬ 
pounds. From an exhaustive study of the composition of 
the nutriment of the herbivorous animals, coupled with a 
knowledge of the remarkable changes which organic substances 
outside the organism may undergo, and reflection on the im¬ 
portance of the individual constituents of nutrition, Liebig 
came to the conclusion that the carbohydrates (starch, dextrin, 
sugar) played an important part in the formation of fat within 

( 5 ) 
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the body; and on the basis of his assumptions the opinion 
prevailed during several decades that the formation of fat from 
carbohydrates was an unassailable fact. In proof thereof were 
specially advanced the facts that in the carnivora, which, apart 
from fat, consume no non-nitrogenous food, the elaboration of 
fat is generally deficient but increases considerably when they 
are placed on a mixed diet with an excess of carbohydrates ; 
that the bulk of the food of herbivorous animals consists of 
carbohydrates ; and finally, that bees even when fed for a long 
time solely on wax-free honey or sugar are still able to pro¬ 
duce wax—a fatty body—without loss of health or weight. 

The researches made by Voigt and Pettenkofer, however, 
showed that it was more probable that the albuminoid sub¬ 
stances in the food are, apart from the ready-formed fats 
therein, the chief source of fat, and that quite a different 
interpretation must be placed on the functions discharged by 
the carbohydrates in this connection; the latter do not re¬ 
present the special material from which the fat stored in the 
body is produced direct, but they are none the less essential 
(in the dietary of the herbivorous animals at least) in order 
that fat may be elaborated. 

Pettenkofer and Voigt have demonstrated that in both 
carnivorous and herbivorous animals the decomposition of 
albuminoid substances invariably results in the separation of 
fat which in the course of subsequent alterations is either com¬ 
pletely consumed or, when protected from further oxidation 
by the presence of other easily oxidisable substances as the 
carbohydrates, remains as a residue in the body and is laid up 
therein as a valuable store of reserve force ready to be drawn 
upon in time of need. The importance of the carbohydrates 
in the formation of fat is therefore restricted to inhibiting 
the combustion of the fat separated in the decomposition of 
the albuminoids, so that the fat may have the opportunity 
of accumulating within the tissues. Actually, the fat and 
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albuminoid matters of the dietary are always sufficient, even 
in the case of the enormous fat production exhibited by milch 
kine, to yield the fat rt!<|uired, fattcnini^- with carbohydrates 
being only efficient provided albuminoids are simultaneously 
supplied. 

By means of a methodic system of dieting; (“fattening” 
or “feeding”) an increase of the fat and flesh of animals 
destined for the slaughUrr-lKuise can be produced. As the 
body fills up in the course of fattening the animal assumes a 
condition of imperfect health, for which reason highly justifi¬ 
able objections havt? btx*!! raised against over-fattening (a 
course of feeding first practised in Kiiglaiuli, not only from 
a veterinary standpoint hut also in view flic utilisation of 
the meat llie most nutritious and fjcst flavoured meat is 
obtainable only frcmi animals in a roriditi<»n ranging from 
incipient fattening tip to the halfdat stage, whilst very fat 
beasts, on the other hand, yitde! chiefly tallow and fat, their 
flesh and blood fieing cletirient in thf^se constituents which 
most effectively act in the ebboration of matter in the animal 
economy. 

The following aniiriak arc those whose fat is most prized 
and utilised : oxen, shcefi, pigs ami horscH ; among birds the 
goose almost cxcluHively; also the large marine mammals, 
such as the whale «uid seal, liu! clolpliiig also among fishes the 
shark, and iiiimher of Hiiialku' fish, such as t!ie cod, ray, 
herring, sprat, sardine, etc. 

The positions in the anirria! tMidy where the fat is stored 
are various. It is often ciicfniiilercd in coiisiderable masses 
directly under the skin (as in the pig), or bedween the intes¬ 
tines (belly fat), in the britiii (in the s{M.*rm whale j, in tlu: 
liver (of numerous fish), and, finally, dintrifnitcd throughout 
the whole body, so that in orcier to recfiver if the entire carca.se 
must be boiled or pressecl fsinall fisli, such an the anchovy, 
etc). 
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At ordinary temperatures the animal fats when in a pure 
state are solid or liquid ; the colour ranges from white (tallow, 
lard) to yellowish-white, pale yellow or brown (fish oils). The 
solid fats melt at between 20° and 45° C, and the liquid fats 
become semi-fluid or quite firm at temperatures from 5'' C 
downwards. The so-called boiling-points are various, and 
when heated still further all the fats are decomposed, their 
glycerine being converted into acrolein, a substance with a 
most unpleasant smell. The specific gravity of the animal 
fats is less than that of water, and can, as in the case of the 
vegetable fats, be regarded as a characteristic indication of 
their purity. 

When fresh, the animal fats, for the most part, have an 
agreeable odour, the only exceptions being sundry fish oils; 
on the other hand, when old, they have generally a rancid 
and unpleasant, sometimes putrescent and even repulsive, 
smell (old bone fat, blubber, etc.). The flavour of some is 
agreeable, as in those generally employed for alimental pur¬ 
poses (butter and lard); in others (tallow, especially mutton 
tallow), unpleasant; and in the case of fish oils, occasionally 
nauseous. Nearly all fats will produce, even at the ordinary 
temperature, grease spots which do not disappear on warming, 
and even those of highest melting-point give rise to grease 
spots when heated. When absorbed by a wick, all fats will 
burn with a more or less bright, smoky and strong-smelling 
flame. 

The solid fats when viewed under the microscope at the 
ordinary temperature appear throughout as a mixture of solid 
and liquid substances. The solid portion consists mainly of 
crystals in the shape of plates, needles or tufts, which have a 
composition different to the matrix. If the fat be warmed on 
a glass slip just to the melting-point, sundry solid amorphous 
granules will still generally be observable in the mass. ’ 

On cooling, the constituents crystallise out again, mostly in 
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the form of needles. In fats poor in olein 

appears in the form of drops, but it forms the fluid !n 

those rich in olein. This fluid mass when viewed undci tlic 

microscope frequently appears not to be homogeneous, but 

to contain drops with a different power of refraction from the 

remainder. 

The fats are insoluble (or, according to recent statements, 
soluble, though with extreme difficulty) in water, and but little 
soluble in cold alcohol, though generally slightly soluble in 
hot alcohol, and easily soluble in ether, benzene, petroleum 
ether, etc. 


Triglycerides. 

Owing to the fact that mixed glycerides are usually present 
in fats it is extremely difficult to prepare pure triglyccrirlcs 
from them by processes of recrystallisation or in other ways. 
Thus, for instance, the deposit from an ethereal soIuticHj cd 
lard after once crystallising has a melting-point of 62*0 t ., 
which is increased to 65*8° C. after six crystallisations fnun 
the same liquid, while beef tallow after once crystallising has 
a melting-point of 55-5° C., which rises to 60'' C. after six 
• crystallisations.^ As the melting-point of pure tristearin is 
71''-72'' C. it is evident that none of these products consist of 
pure tristearin, but that they contain tristearin and tripalmitin 
in molecular combination. 

Pure triglycerides are, therefore, usually prepared syntheti*- 
‘Cally by heating the fatty acids with excess of glycerine in a 
.sealed tube under pressure. The following triglycerides which 
‘Occur in animal oils and fats have thus been prepared:— 

Tributyrin, C3H5(0. QH70)3. This is a colourless liquid 
•which does not solidify except at extremely low temperattiren. 
it distils unchanged at 182°-! 84"" C. under a pressure of 24 mm*, 


^ Kreis and Hafner. 
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has a density of 1*0324, and a refractive index of 1*48587 at 
20° 

“ C. (Scheij). Contained in butter fat. 

Trivalerin, C3H5(0. C^Hp)^. Stated to be present in 
dolphin and porpoise oils. 

Tricxproin, CyH^O . QjHnOV Forms a colourless and 
tasteless liquid, which solidifies at about - 60° C, and has a 

20'' 

sp. gr. of 0 9817, and the refractive index 1*44265 at C. 

(Scheij). Stated to be present in butter fat, also present in 
coco-nut and palm-nut oils. 

Tricaprylin^ CgHr^O . CgH[j^^O)3. Colourless and tasteless 
liquid solidifying at - 15° C., and having the sp. gr. 0*9540, 

20° 

and the refractive index 1*44817 at — C. (Scheij). This 


glyceride is also present in butter, coco-nut and palm-nut oils. 
Tricaprin, C3H5(0 . CgH^gOg). This glyceride is solid and 

crystalline, and melts at 31*1° C. Its density at —- C. is 

4 

0*9205, and refractive index at the same temperature i *44461. 
It is present in butter fat, coco-nut and palm-nut oils. 

Trhnyristin, C3H5(0. C14H27O3). Solid crystalline fat,. 

melting at 55^ C. Its density at C. being 0*8848, and its 

4 

refractive index 1*44285. Trimyristin is contained in butter 
fat, lard, and human fat, but it is the characteristic glyceride 
of nutmeg butter. 

Tripalmitin, C3H5(0. CigH3iO)3. This is one of the most 
widely distributed of the triglycerides, being present in most 
oils and fats in association with triolein and tristearin. It is a 
lustrous white crystalline product, melting-point 65^^ C., sp. gr. 
80° 

at -—o'C. 0*8657, and refractive index I‘43807. Tripalmitin has,. 
4 


when quickly cooled, two apparent melting-points, one occur¬ 
ring at 45°-46° C., and the other at 6s'" C 
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Tristeann, C3Hj(0 . Ci8H350)3. Glistening white crystal¬ 
line product melting at 71 "-72° C, having a density at C. 

• 4 

of 0*8621, and a refractive index at the same temperature of 
I *4.3987 (Scheij). 

Triarackin, C3H5CO. Cg^Hs^Os). Contained in small 
amount in butter fat 

Triolein^ C3H5(0 . Forms an almost colourless 

oily liquid solidifying at - 4" C Its sp. gr. at 15° C. is o*9«). 

Like their vegetable congeners, the animal fats consist 
principally of neutral glycerides of the fatty acids, and there¬ 
fore have the general formula C^H^rO OC R^), wherein W 
represents a monovalent hydrocarbon radicle. In addition to 
this the fats may also contain free fatty acids. Sperm oil 
and the spermaceti obtained therefrom contain, however, no 
glycerides, but ethers of the higher alcohols of the fatty series, 
and should (along with shark oil and probably all the oils de¬ 
rived from marine animals and having a sp. gr. of less than 
0*888 at 15° C.) properly be relegated to the category of the 
waxes. 


Animal Waxes. 

Cet^L Palmitate or Cetzn^ O . CO . CjgHgp is the 

principal constituent in spermaceti, frorh which it can be pre¬ 
pared by fractional precipitation from ether. It forms colour¬ 
less crystals melting at 55° C. 

Ceryl Cerotccte^ C3,h,3.o.co. C25H51. This is a constit¬ 
uent of Chinese insect wax, but it is also said to occur in wool 
fat. White glistening scales melting at 82’S'" C. 

All the animal fats may be saponified, i.e,^ decomposed into 
fatty acids and glycerine, by alkalis, dilute acids and by means 
of superheated steam. By this process the following acids and 
alcohols have been separated from the fats and waxes:— 
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A. Acids. 

OILS. 


I. Saturated Acids of the General Formula CnHgnO^, of the 

Acetic Series:— 

1 

Butyric acid 

QHsO, 

II ' ‘ 

Isovaleric acid . 

C 5 H 1062 

1 M 

Caproic acid 


1 1 

Caprylic acid 

CsHjgOo 

1 

Capric acid 

^ 10 ^ 20^2 

B'l y. 

Laurie acid . 



Myristic acid 

^14^28^2 

Isocetic acid 

^16^30^2 

IK— 

Palmitic acid 

^16^32^2 

1 ' ^ 

Daturic (margaric) acid 

^17^34^2 

M il 

Stearic acid 

^18^86^2 . 

1 

Arachidic acid . 

^20^40^2 

Behenic acid 

^22^44^2 

1 

Lignoceric (carnaubic) acid 

^24^48^2 

1 

Cerotic acid 

^26^52^2 

1 

Melissic acid 

^30^60^2 

1 

2 . Unsaturated Acids {with Double Bond) of the General 

1 ^ 

Formula CaH 2 n- 2 O 2 (Oleic Series) :— 


1 

Tiglic acid , 

CgHaO., 

1. 

Hypogaeic acid^ 

^16^30^2 

■ I'i 

Physetoleic acid 1 

I P 

Oleic acid . 

^18^34^2 


Doeglic acid 

^19^36^2 

Bf • 

Jecoleic acid 

CisH^bOs 


Gadoleic acid . 

^20^38^2 


Erucic acid 

Lf>2H420g 


3. Acids (with Triple Bond) of the General Formula 


CnHgn -tOj (Linolic Series):— 



Linolic acid 

^16^28^2 


Elaeomargaric acid 

^18^32^2 


4 . Acids of the General F'ormula (Linolenic 

Series) :— 


Linolenic acid . 

CigHg^Og 


Isolinolenic acid 

. C]^3H.^02 

, 

5 . Hydroxy Acids of the General Formula CnH 2 n-. 20 .^ 

* 

(Ricinoleic Series):— 


!i 

i 

Ricinoleic acid . 

. Cj^gHjjjOg 

1 4 ‘ 
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B. Alcohols. 

1. Trival^'^^ Alcohol of the For 7 nnla CnH2n+203'^— 

Glycerol (glycerine) . . CgHgOg 

2 . Monovci^l^'f^^ Alcohols of the Fatty Series^'with the For- 

fnula CnH2„+20 :— 

Cetyl alcohol (ethal) . . 

Octodecyl alcohol . . CigHggO 

Ceryl (iso-ceryl) alcohol # . 

Myricyl (melissyl) alcohol . CgoHggO 

3. Monovalent Aro-matic Alcohols (Sterols):— 

Cholesterol . . . C 27 H 4 gO 

Isocholesterol ■ 

Phytosterol (Sitosterol) • ^27^^4(jC 

The fats consist most frequently of the glyceride of pal¬ 
mitic acid (palmitin, tri-palmitin), C3H5(CigH.ji02)3; the gly¬ 
ceride of stearic acid (stearin, tri-stearin), C3H5(C38H3502)3; 
and the glyceride of oleic acid (olein, tri-olein), 

Other acids occur in small quantities in various fats, a high 
proportion of such an acid being generally characteristic of a 
certain fat. Such are :— 

Butyric acid, as a glyceride (butyrin), in the proportion of 
5 to 7 per cent, in cow's butter. 

Isovaleric acid, occurring in combination with glycerine in 
dolphin and porpoise oils. 

Of the cafroic acids, isobutylacetic acid occurs as caproin 
in butter, in which caprylic and capric acids also are present 
in the form of caprylin and caprin; so that cow's butter con¬ 
tains about 8 per cent, of the glycerides of these acids. 

Physetoleic acid, in sperm oil; and 

Doeglic acid, in Arctic sperm oil. 

The solid and liquid animal fats differ from one another in 
consistency, this being dependent on the varying proportions 
of the individual glycerides present in each; stearin and pal¬ 
mitin being solid at,the ordinary temperature, whereas olein 
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is liquid. All rancid fats contain free fatty acids, the forma¬ 
tion of which results from a decomposition effected by the air, 
whereby glycerine and free fatty acids are produced, but other 
changes are brought about by bacteria and by oxidation. 

The saturated fatty acids up to capric acid, and the oleic, 
doeglic and various vegetable fatty acids are liquid at the 
ordinary temperature, the remainder being solid. Butyric, 
caproic, caprylic and capric acids, being capable of distillation 
without decomposition, under ordinary pressure, are styled 
volatile fatty acidSy and are also more soluble in water than 
the other fatty acids. 

Fatty Acids. 

Butyric Acidy HQH7O2. The acid is liquid at the ordinary 
temperature and exhibits, when freshly distilled, an odour re¬ 
sembling that of acetic acid, but in a dilute condition has a 
very strong smell like rancid butter. It boils at 162*3° C., 
sets in a flaky condition at - 19° C., has a sp. gr. of 0*958 at 
14° C, and refractive index at 20° C. = 1*39906 (Scheij). It 
is readily soluble in water and can be separated therefrom as 
oily drops by the addition of calcium chloride or by common 
salt; with alcohol and ether it is miscible in all proportions. 

Solutions of butyric acid have a corrosive acid taste, 
redden litmus and decolorise a slightly alkaline phenolphthalein 
solution. Methyl orange also is reddened by solutions of 
butyric acid containing no butyric salts. If a dilute aqueous 
solution of this acid be distilled the acid passes over com¬ 
pletely in the distillate; in the case of very dilute solutions 
the attainment of this object is facilitated by previously 
neutralising the acid with soda, concentrating the liquid by 
evaporation, and distilling after adding dilute sulphuric acid. 

Concentrated butyric acid when warmed with alcohol and 
concentrated sulphuric acid forms butyric-ethyl-ester (ethyl 
butyrate), which is recognisable in small quantities by its very 
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agreeable odour of pinc-:ii)[)k:. I'u rlotci ihr juvsru. t* .d 
butyric acid in very dilute w.lutioiis by this lea- ti..u ihr liqui.i 
is neutralised with soda, evaixjraU-d to diyfu'..'.. .kkI the 
residue warmed with alcohol and sulphurh a. id. A po t ion 
of the butyric acid is also etherised ditrin-,; the ■.ai.onifio.Tt ioii 
of fats containing this acul, by strong a!, oho! and caustir 
potash. 

Caproic AciiL HQllijO,. Of the isoiiirrii" raiiniit: aiiids 
i.sobutylic acid occurs in aniioal fats itj ;i rxttniL It in 

a liquid, soluble in coco-nut and palm-inil Imi iK»t mm- 
cible with water, and posseHstrs a Hindi tliat of 

perspiration. The sp. |.:r. is 0*935 at 3 Ci C.d ndiotcdive iitckx 
at 20" C., I'4id35 (Sriidj,; liiit, loo; i\: 

point, below - (da! wliidi tcuiipi'rattiHdi • 4 ill 

Caprylk xldd. Ii(dH|,Ckt liquid, lull on 

to 12 '’'C, to a cryslaliiiie lilacs, iiiiilinp at 
soluble in water, Bniliiig-pfiitit, 3 to 3 |; i\ , sp. at 
2o’’X., 0*914 ; refractive index at io td I ’4 ’334 It i,h pirntail 
in butter fat and in cocci-iiiit and {iitliii-iiiil ^nl'% It |t*io an 

intense smell of ijcrspiralioii and m Miiiitile iii jiariH of 

water. 

Capric Add, forms iil llir attUiufy tfiii|ii3ra^ 

turefine flakes which irtdl at ofitil a 

odour. The sp, gr* of the ftielled arid i# at ; it 

boils at 268 *'- 27 cT C., and l part of I lie ip'id 'toliilile in 

parts of boiling water. Is conlaiiied in hiittfO hit* fat freJiti 
goat's milk, and in c:cicn*fiiit and paliii»iiiil 

Palmitic Add, IfCuJf^iOy Pure jiiiliiiiti* arhl tati hr 
obtained in the form of fine tufted grc.#it|w nf iiecolliTH, fir, after 
melting and re-solidifiolicwi, as a iti;ro wit It a 

nacreous lustre; it is tatitelei?! and at up 

and at this temperature hm in the licjitirl btair »i ~%ih gr, «if 
0*8527; refractive index at 1*4524 Miitlaitb 
350''C. it is for the mfist fiarl vtiialile walliotit f!rcfffii|M»ilJC»fi 
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and will boil at 268'$° C. when the pressure is reduced to 100 
mm. of mercury. 

When melted palmitic acid is placed on paper, or an 
alcoholic or ethereal solution of the acid is left to evaporate 
thereon, a grease spot is produced. This acid is soluble with 
difficulty in cold alcohol, 100 parts of the solvent taking up 
only 9'32 parts of acid, but it is very readily dissolved by 
boiling alcohol, and may, therefore, be very easily re-crystallised 
from this solvent The alcoholic solution has an acid reaction. 

Dilute acids have no action on palmitic acid, but it dis¬ 
solves in concentrated sulphuric acid, re-crystallising, however, 
unchanged on dilution. Boiling concentrated nitric acid 
attacks it very slowly. The. salts of palmitic acid are very 
similar to those of stearic acid, but are somewhat more readily 
soluble. 

Stearic Acid, HCxgHg^Og. Pure stearic acid crystallised 
from alcohol solution forms white lustrous laminae which melt 
at 69*2° C. to a perfectly colourless fluid and set to a trans¬ 
lucent crystalline mass on cooling. When heated to 360° C. 
it begins to boil and partly decomposes, but may be distilled 
without alteration under reduced pressure—at 291° C. under 
a pressure of 100 mm. When distilled by superheated steam 
it also passes over without apparent decomposition, but, ac¬ 
cording to observations made in the distillation of fatty acids 
on a working scale, a small portion is really decomposed, being 
converted into solid hydrocarbons of the CnH2n-2 series. 

The sp. gr. of this acid at ii*" C. is almost identical with 
that of water,’ but at higher temperatures it floats in the latter 
liquid owing to. its greater coefficient of expansion. The sp. 

gr. of the acid melted at C. is 0*8454. 

4 

Stearic acid is devoid of flavour or smell, feels greasy, and 
will leave a greasy mark on paper whether applied in the 
melted state or in solution. It is insoluble in water, but 
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readily soluble in hot a!co!if.>!^ though in cold a'lioi :t ;< 
even more difficult to dissolve than prilraiiic iicid, ■,cic cart 
of stearic acid dissolving in po parts of ali:o.h;i! o, 

I 5 ' C. ; ether dissolves it readily, and at 2 ? C. ; part of !3e!> 
zeiie will dissolve 0*22 part^ and i part of carbr,:: bisalehtde 
part of stearic acid at 23' C. 

Aiiti, is stated in be present in 

small amount in butter fat. It forms ghbteiiing cr^^tanine 
scales, is readily soluble in hot alcnho] but ilnn>t 
ill cold alcoliob but soluble in ether, henre?:c\ cbdiorcAhrm, ii-ni 
Ixinzine. The melting-point of the acid is 77 C. 

t>rn//e' Aiid, This acid is -tated 

eery! cerotate in woo! fat: it abu the free acid piaoen: in 

beeswax. Melting-point 78 C. and density at -7- i . 23 y*. 

It crystallises from solution in alcohol in last!' ns ^dmte 
scales or in fine needles. It is readily soluble in hot Cib -h 
but practically insoluble in this liquid in the cold. 

Aad, White needles, melting at 

33'’ C., gradually turning brown and decomposing in the air, 
forming liquid fetty acids of rancid flavour. 

F/ivseii?/eif Acid, has the same composition as 

the preceding acid^ but differs considerably therefrom In being 
unaltered by the action of nitrous acid. It melts at 30' C. 
It is found in sperm oil 

Oieif Acid, Owing to the fact that olek acid 

is usually accompanied by other unsaturated acids it is difficult 
to prepare it in a perfectly pure state. In this condition it 
appears as a colourless and inodorous oil which sets at 4 Cb. 
but does not melt again below 14^ C. ; the sp. gr. at this 
temperature is 0*898 ; refractive index i *4638 at i 5" C. Under 
ordinary pressure the acid cannot be distilled without de- 
comfx>s!tion, but when heated by steam at a temperature of 

250° C. it passes over unchanged. 

2 
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When perfectly pure it does not redden litmus paper, but, 
on the other hand, it exerts an acid reaction on phenol- 
phthalein, since the fresh fatty acid mixture (very rich in oleic 
acid) prepared from fats by saponification and subsequent 
acidification of the soap solution can be accurately titrated by 
means of this indicator. 

When exposed to the air, oleic acid becomes yellowish or 
yellow, acquires a rancid odour and reddens litmus. 

This acid is insoluble in water, but readily soluble even in 
dilute cold alcohol It may, however, be separated from this 
solution by the addition of a large volume of water. An 
attempt has been made by David to found a method of 
separation for this acid on account of its greater solubility 
than the solid fatty acids in a mixture of alcohol, water and 
acetic acid. 

If to 7 parts by weight (i molecule) of oleic acid there is 
gradually added 4 parts of bromine, with continual shaking, 
the whole of the bromine will be absorbed and dibromostearic 
acid will be formed From its method of preparation this 
substance is known as the dibromide of oleic acid. The re¬ 
action occurs according to the equation :— 

Q7H33COOH + Br^ == Q^HggBr^COOH. 

(Oleic acid.) (Dibromostearic acid.) 

When suitably purified the product forms a clear oil A 
similar reaction in which iodine replaces bromine is obtained 
with an alcoholic solution of oleic acid in presence of an al¬ 
coholic solution of iodine containing mercuric chloride. The 
amount of iodine absorbed by oleic acid is 90 per cent 
(Hubls test). 

If nitrous acid be allowed to react on oleic acid the latter * 
sets hard in a short time and becomes converted into the 
isomeric elaidic acid, which may, by re-crystallisation from 
alcohol, be obtained in the form of plates melting at 45° C. 
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Doeglic Acid, HCi9H3502, has received but little attention 
hitherto ; it is a yellow oil similar to oleic acid and setting at 
4"" C. It is found in Arctic sperm oil. 

Jecoleic Acid, HC19H35O2. This acid is stated by Heyerdahl 
to be present in cod-liver oiL 

Gadoleic Acid, HC2oH3^02. According to Bull, cod-liver 
oil, herring oil, and whale oils contain an acid which he calls 
gadoleic acid and to which the above formula is ascribed. 

Linolic Acid, The characteristic acid of linseed 

oil is also present in appreciable quantities in some animal 
fats, e,g., lard, hare fat, and horse fat. It is a colourless oily 
liquid which does not solidify at -18° C. and has a density at 
18° C. of 0*9026. It is easily soluble in alcohol and ether and 
absorbs oxygen rapidly on exposure to the air. Linolic acid 
combines with 4 atoms of bromine to form the tetrabromide, 
CigHg.^OgBr^, which melts at 114° C. 

Alcohols. 

Ceiyl Alcohol, Ci^Hg^O, occurs in spermaceti in combina¬ 
tion with, palmitic acid as cetyl palmitate. It forms a colour¬ 
less crystalline material, melts at 50° C. and boils without 

60° * 

decomposition at 344° C. Its density at C. is 0-8105, and 

it is insoluble in water but easily soluble in alcohol and ether. 

Octodecyl Alcohol, CigH'aP, also occurs as an ester in 
spermaceti. It crystallises from alcohol in glistening white 
scales melting at 59° C. At ordinary pressure it decomposes 
on heating but may be distilled under diminished, pressure. 

Glycerol or Glycerin, CsHgOg. This alcohol is the basis of 
all true fats (glycerides) and is obtained from them by saponi¬ 
fication with alkalis or hydrolysis with acids. When pure 
it forms a thick colourless transparent liquid, very sweet and 
hot to the taste but without odour. Its density at 15° C. is 
1-26468, refractive index at 15° C. 1-4742, and boiling-point, 
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290° C. On distilling at this temperature under ordinary 
pressure, however, there is a slight amount of decomposition, 
but it distils unchanged under diminished pressure. 

Cholesterol, C27H4QO. This alcohol is present in large 
proportion in wool fat, while lanolin ” consists almost entirely 
of it It is also contained in fat of egg yolks. Pure cholesterol 
crystallises in needles which melt at 148“-! 50° C. It is in¬ 
soluble in water but soluble in alcohol, readily soluble in 
ether, chloroform, and carbon bisulphide. 

Isocholesterol, 037114(30, is also present in wool fat. It forms 
fine needles which melt at 137°-13 8° C. Slightly soluble in 
cold alcohol, but more freely on heating, easily soluble in 
ether. 


Phosphatides. 

In different parts of the animal system and in plants there 
occur, usually in association with ordinary fats, certain peculiar 
fatty substances which contain both phosphorus and nitrogen, 
to which the name “ phosphatides ” was applied by Thudichum. 
These substances have a somewhat complicated constitution, 
but they are regarded as derived from glycerol, one hydrogen 
of which is replaced by phosphoric acid, and the other two by 
fatty acids (palmitic, stearic, oleic, etc.), while a choline 
radicle replaces one hydrogen atom of the phosphoric acid. 
Other bases besides choline appear in some cases to be 
present and there is usually present calcium and iron in small 
amounts. The phosphatides appear to play a very important 
part in living organisms, as they are almost universally present 
in living cells. They are specially abundant in the brain and 
in the ova of animals and in leguminous seeds. 

Lecithin .—The best known of the phosphatides is lecithin, 
which is an optically-active substance and therefore has the 
assymetric formula:— 
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OR 

/ 

C3H-O- 

\ 

OR 

OH—P =0 


C2H-O 


N^(CH3), 


OH 

Lecithin is found in the following quantities in different 
parts of the body : brain, 16 per cent; cardiac muscle, 12*5 
per cent ; kidneys, 8*5 per cent ; liver, 4*3 per cent ; and 
nerve tissue, 2*5 per cent ; in yolk of egg it is present to the 
extent of 9 per cent.; in peas, i *2 per cent ; and in beans 
0*8 per cent Lecithin is soluble in ether, etc., and therefore 
appears in the fat extracted by solvents. It is usually esti¬ 
mated by determining the amount of phosphorus in the ex¬ 
tracted oils. Lecithin may be prepared from egg yolk fat, 
which contains about 22 per cent of this substance, by heating 
it with alcohol and then filtering; the lecithin is contained in 
the filtrate and may be obtained by evaporation. It is also 
precipitated from a strong ethereal solution by adding acetone, 
in which it is insoluble. Neither of these products, however, 
are quite pure, although they are quite suitable and are used 
for commercial purposes. Pure lecithin is obtained by pre¬ 
cipitating a solution with cadmium chloride as it forms an in¬ 
soluble cadmium compound. It is prepared in a similar 
manner from vegetable sources for commercial purposes. 

Lecithin is a reddish-brown or yellowish-brown transparent 
jelly without odour or taste. It shows a fibrous structure on 
pulling, and on heating it chars but does not melt. Com¬ 
mercial lecithins contain from 3*5-47 per cent, of phosphorus 
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and I *9-2 per cent, of nitrogen, the ratio ^ being about i ’8« 

The iodine value varies from 60 to 65. 

The reviser has examined three samples of lecithin : (i) 
Ovo-lecithin, pharmaceutical, manufactured in France ; (2) 

Lecithin extracted by self from hen’s egg yolk fat by alcohol ; 
(3) Lecithin extracted from duck’s egg yolk fat by alcohol. 


Iodine value (Wijs’ method) 
Phosphorus 

Nitrogen .... 
P 

Ratio “ . . . 

N 


I. 

2. 

3- 

59-86 

77*34 

93*5 

3-58 

3*53 

2'gi 

2*28 

1*94 

1-84 

1*57 

1*82 

1-58 


Lecithin is used as a medicine in nervous diseases and for 
anaemia, rickets, etc., also as a constituent of margarine 
(see p. 131). 

Vitamines .—There are now known to be present in many 
kinds of food very small quantities of certain vital principles 
which are absolutely essential to nutrition and growth, these 
substances have been named “ vitamines ” by Dr. Fink, and as 
shown by Dr. F. G. Hopkins, Professor of Bio-chemistry at 
Cambridge, their absence quickly leads to malnutrition and 
paralysis. The constitution of these products is not yet known, 
as it has so far been impossible to obtain them in a pure state. 
They do not contain phosphorus. They are soluble in water 
and in 80 per cent alcohol but not in absolute alchol, 
and there appears to be at least three of these substances with 
different function. One of them is soluble in oils and is con¬ 
tained in egg yolk, cod-liver oil, butter and margarine from 
animal fats. Lard is the only animal fat which does not con¬ 
tain it, but it is not present in vegetable fats or oils and is 
therefore not to be found in margarine prepared exclusively 
from the latter. On this ground alone vegetable margarines 
must be regarded as less nutritive than those containing beef 
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oleo, although other foods partaken of at the same time may 
make up the deficiency.^ 

Hydrocarbons. 

Saturated Hydrocarbons in Shark Oil. —In the Journal of 
Industrial and Engineering Chemistry Mitsumaru Tsujimoto 
gives some particulars of the oil from the liver of the basking 
shark {Cetorhinus maximus^ Gunner), Japanese—“ Uba- 
Zamd This, it appears, is the largest of the sharks, and 
therefore the largest of the true fishes, the liver sometimes 
weighing as much as a ton and yielding some 5 cwts. of oil. 
Three samples of the oil from the livers were examined ; these 
being pale yellow or orange yellow in colour, with a low 
gravity, and containing 41'92-55*51 per cent, of unsaponifiable 
matter. One of the samples gave the following constants : 
if 

Specific gravity atC, 0*8839; ^^id value, 1*09; saponi¬ 
fication value, 102*45; iodine value (Wijs), 1*4773; butyro- 
refractometer at 20'' C, 78*2; unsaponifiable matter, 41*92 
per cent. The unsaponifiable matter was for the most part 
liquid, and on distillation in an oil bath 10 per cent, passed 
over at 170^-190° C. This had a refractive index of 1*4775 
20° C., and differed from squalene (a highly unsaturated 
hydrocarbon, which had previously been discovered in other 
Japanese shark-liver oils). At 244°-26o° C. a further 25 per 
cent, distilled over, consisting mainly of squalene (Cg^H^y). 
The first distillate was subsequently purified by treatment with 
caustic soda and re-distilled in a partial vacuum yielding a 
liquid of sp. gr. 0*7868 at 15° C. and refractive index i *4398 
at 20° C. The iodine value was only 4*4, therefore the pro¬ 
duct is practically a saturated body. At 766 mm. pressure it 
distilled practically unchanged at a temperature of 296° C., 


1 Prof. W. Ramsden, ^our. Soc. Chem. Indt. 1918, T., p. 53. 
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3 .nd was apparently a pure substance. An analysis of the oil 
gave carbon 84*39 and hydrogen 15*02 per cent, and the 
molecular weight determined by the freezing-point method 
mean of two experiments (265 and 252) was 259* 1 hese 

figures agree closely with the formula Cjvhlui; 

are also very close. If the formula CisHjjh be adopted, 
"then it is an octadecane, and as the nominal octadecanc is 
solid, it follows, that this must be an iso-octadccane, which 
would account for the low boiling-point of the substance. It 
is stated that the hydrocarbons in this particular sample of cnl 
3.re certainly not due to adulteration with petroleum or other 
products, as they differ materially in their properties fn)m such, 
but although they were present in one sample they were absent 
from the other two samples examined. 

Unsaturated Hydrocarbons in Shark-Liver Oil,—hi the 
^ournal of Industrial and Engineering Chemistry there also ap¬ 
pears a very interesting paper by Mitsumaru Tsujimoto upon a 
highly unsaturated hydrocarbon which he has discovered in 
shark-liver oil. The author first refers to the fact that hydro¬ 
carbons are more frequently to be found in fatty oils than is 
generally believed. For instance, F. Matthes and O. Rohdeck 
separated a hydrocarbon having the composition from 

cacao butter. The former chemist, along with H. Saiider 
a.lso obtained a hydrocarbon, melting-point 69" from 

laurel oil, which they named “laurane"’. Matthes and W. 
Heintz discovered a similar hydrocarbon, melting-p<>i!it 

69® C, in parsley-seed oil, to which the name “ petrosileiic 
was given, while Power and Lees isolated from kosam-seed oi! 
a.nother hydrocarbon, In animal oils, especially those 

derived from insects, large quantities of hydrocarbons are said 
tro occur; especially is this the case with chrysalis oil, from 
which Menozzi and Moreschi isolated two hydrocarbons, one 
of which, melting at 62^° C, had the composition 
while the other had a melting-point of 41 ”-42^ C. Hydrocar- 
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bons have also been obtained from cantharides and Melalontha 
oils. The examination of what is termed '‘sterol free ua- 
saponifiable matter of oils appears to be of great value, and., 
according to the author, may possibly lead to the identifica¬ 
tion of oils when all other means fail. After removal of the 
sterols, which has been made possible since the valuable re¬ 
searches of Windaus, who used digitonin for the purpose, the 
residue may consist of hydrocarbons, alcohols, and ketones. 
J. Marcusson and G. Meyerheim, as also P. Berg and J. Auger- 
hausen, have testified to the value of an investigation of the 
sterol free unsaponifiable matter thus prepared, and, in fact^ 
the last two authors have founded upon its examination a. 
method of distinguishing mowrah fat from shea butter, which, 
could not be done by any other method. 

Turning now to marine animal oils, the author states as a. 
well-known fact that shark-liver oil contains a high percentage 
of unsaponifiable matter of which little is known, but which 
has been usually regarded as at any rate largely composed of 
cholesterol, although as a matter of fact a high percentage of 
hydrocarbon is really present. Allen states that in one sample 
•of shark oil which he examined a large proportion of unsaponi- 
fiable matter resembling rosin oil was found, and this he re¬ 
garded as an adulterant, a conclusion which the author believes 
was probably not correct Ten years ago the author published 
an account of his researches upon the liver oil of a shark which 
was caught in the Sagami Sea, this being known as “ kuroleo- 
zanui oil The oil contained 56*13 per cent, of unsaponifiable 
light yellow oil, having the remarkably high iodine value of 
381, and the composition of which is represented by the 
formula Among the large number of species of shark 

which are known to exist only a few are caught because of 
their liver oil. Careful examination by the author tended to 
prove that liver oils having a gravity less than 0*900 contained 
more or less hydrocarbon, which increased in amount as the 
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gravity became lighter. As the oils known as “ ai-zame '' 

“ heratsono-zamewere the lightest known, it was believed 
that these two would best repay examination, a conclusioit 
which was amply verified. Ai-zame oil is obtained from the 
liver of Squalus mitsuleurii^ and contained 87 to 90 per cent. 
of onsaponifiable matter, 79 per cent, of which was found to 
consist of a hydrocarbon oil having the composition 
half of which distilled over between 240” and 256° C. It had a 

sp. gr. at V C. of 0*8587, iodine value 388 (Wijs), and refrac-- 
4 

tive index at 20° C. of 1*4965. Heratsumo-zam6 oil is derived 
from Deama eglantina^ contains the same hydrocarbon as 
above, but also one or more other hydrocarbons of lower 
boiling-point, this fraction having a composition represented! 
by the formula C28H3g. 

When fats or fatty acids are treated with caustic alkalis or 
lead oxide they are saponified. Concentrated alkaline lyes 
effect saponification with great difficulty, and therefore 
but dilute lyes should be used. In the process of saponifica* 
tion stearin and palmitin are more quickly decomposed than 
olein. 

On'being melted with caustic potash, oleic acid is chariijeci 
into palmitic acid ; erucic acid into arachidic acid; hypof^reic 
acid into myristic acid, and their isomers are decomposed into 
palmitic, arachidic, myristic and acetic acid. Concentratof I 
sulphuric acid, in proportions of from 8 to 10 per cent, fortn?^ 
with fats at high temperatures sulpho acids, which, when 
treated with water, split up again into free fatty acids, glycerine 
and sulphuric acid. If fats or oils be treated with alkali 
carbonates, albumin, or an aqueous solution of gum-arabic^ 
they are thereby emulsified, the same result being prodiicefi 
by the action of ammonia. Alcoholic ammonia solution 
when allowed to act for a long time at ordinary temperature 
converts the fats into acid amides. 
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Chlorine and bromine form substitution prodiccts with the 
fats or fatty acids of the methane series. Iodine does not act 
in this way but forms, as do also the above reagents, addition 
products with the glycerides or the fatty acids of the unsatur¬ 
ated hydrocarbons. 

Nitric acid exerts a strong oxidising reaction on the fats, 
etc., forming oxalic acid, succinic acid and adipinic acid. 

On exposure, especially in thin layers, to the air, the animal 
fats become rancid ; in no instance, however, do they dry, as da 
certain of the vegetable oils, to a solid skin, but remain always 
in their original, more or less greasy, condition. In becoming 
rancid a part of the non-volatile fatty acids, especially oleic 
acid, is liberated, and occasionally a complete separation into 
fatty acids and glycerine occurs. Rancidity spreads in solid 
animal fats to a much smaller extent than in the vegetable 
oils, and they keep longer and better in proportion as their 
olein content is low and that of the glycerides of the solid 
fatty acids high. This condition (rancidity) is well known 
to be in a high degree prejudicial to the animal fats, on account 
of its effect on the flavour. Under defective storage conditions, 
and under the influence of a favourable temperature, rancidity 
develops so quickly that butter, for example, may become 
uneatable in a few days if insufficiently protected from the 
air. The opinions prevailing on the causes of rancidity are 
somewhat divergent, but it cannot be doubted that when air is 
sufficiently excluded rancidity, if not altogether prevented, can 
be retarded for a considerable time. 

Liebig was of opinion that rancidity is induced by the 
influence of the extraneous substances present in the fat; 
Lohwig assumed a fermentative action in presence of water 
and air; whereas Kosch considered it due to oxidation by 
atmospheric oxygen, an opinion also shared by Duclaux ; and 
Berthelot ascribes it more particularly to moisture, the action 
of which is facilitated by the presence of extraneous substances. 
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oxiidation being merely a concomitant reaction. Von Rechen- 
Fliigge, Paschulin, H. Schulz and Neneki believe 
ra.iicidity to be caused by the action of unorganised fat- 
clostroying ferments, or by microbes. Grdger assumes that 
ill. becoming rancid the fat is decomposed by water into fatly 
acids and glycerine, followed by oxidation through the action 
or atmospheric oxygen, both on the fatty acids and on the 
glycerine, since the latter is no longer detectable in a free 
state. The fatty acids are split up into substances (acicls;^ 
poorer in carbon but rich in oxygen, belonging partly to the 
fatty acid series and partly to' the oxalic acid series. Among 
the lattdr class azelaic acid has been identified. 

Ritsert, who occupied himself very closely with, the elucida¬ 
tion of the causes of rancidity, demonstrated that the rancidity 
of pure fat is not caused by either aerobic or anaerobic bacteria. 
The fat when protected from air and light remained perfectly 
sweet, and germs inoculated therein died, although able to 
live in rancid fat Neither could fermentative action be as¬ 
sumed, since sterile fat heated in a closed vessel for several 
hours at 140° C. becomes rancid under the influence of light 
a,nd air. Moisture is non-essential to rancidity, 3 ry fat btf- 
coming more rancid under the influence of air than when 
moist; but the process is one of oxidation solely, induced by 
atmospheric oxygen, without the collaboration of any organ¬ 
isms. The operation proceeds more rapidly in proportion as 
light is admitted, oxygen not being absorbed when light is 
e:x:cluded, neither does air cause rancidity when deprived cjf 
its oxygen. Pure lard kept in the dark remains sweet even 
after a lapse of two months. The carbon dioxide of the air 
has the same influence on fat in the absence of light as pure 
carbonic acid, only less intense, and is absorbed by fat both 
in the light and in the dark in comparatively small amount, 
the fat becoming thereby tallowy, but not rancid. Both 
rritrogen and hydrogen are inactive towards fat, whether in 
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the light or in the dark, and pure butter behaves exactly like 
pure lard. 

Aerobic and anaerobic bacteria can live on rancid fat, but 
not if an excess of free fatty acids be present. 

The practical result of these researches is that the prime 
essential condition for the prevention of rancidity in fcits is 
coinplete exclusion of air^ which being secured, exposure to the 
light or storage in the dark is immaterial. 
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CHAPTER III. 

PREPARATION OF ANIMAL FATS AND OILS. 

The methods employed for preparing animal fats and oils, 
that is to say, the treatment of the crude fats, differ somewhat 
from that pursued for the vegetable fats and oils, but finally 
conduce to the same end, viz., separation from the accompany- 
ing extraneous substances or non-fats. In materials yielding 
vegetable fats and oils we have to deal with fruits, seeds, etc., 
forming a dry, solid, and occasionally even hard mass, from 
which the fats can be obtained economically by the application 
of considerable pressure, or, when in a pulverised or pulpy 
condition, by extraction with special solvents. The animal 
fats, on the other hand, are devoid of the characteristic shell 
encasing the vegetable materials, the fat lying distributed 
throughout various parts of the animal body and enclosed in, 
or completely occupying, cellular tissues; this mode of occur¬ 
rence of the animal fats influences the method of treatment to 
be employed. 

Whilst the oil- and fat-producing seeds and fruits will 
bear any length of transport with but little change and arrive 
from distant parts of the world to be worked up, the crude 
animal fats must be treated with but little delay and, there¬ 
fore, usually at the place of their production if they are to be 
prevented from becoming putrescent, whereby the quality of 
the product as well as the yield would be seriously depreciated. 
True, there are certain methods of transport which can be 
employed, as. for instance, in ships fitted with refrigeration 

(30) 
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chambers, as in the case of meat brought from America aud 
Australia, by means of which the raw material is kept intact 
and unchanged ; only, these are much too expensive. There is, 
moreover, every reason why the material should be treated on 
the spot 

Most of the animal fats are prepared by a simple process 
of melting (rendering) in suitable pans, and when separated 



Fig. I. —Edge runners for crushing fat. 


from the residual tissue by straining are ready for use. Other 
fats, e.g.^ blubber (fish fat), are partly expressed by the pres¬ 
sure induced when the material is piled up into large heaps, 
the remainder being recovered—as in some other instances 
—by boiling in water or by the action of the press. Butter 
is obtained by a process peculiar to itself, the finely divided 
fat globules in the milk uniting, under the influence of con¬ 
cussion and agitation, to finally form a lump of fat. 
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The solvent extraction process which is now cinploy<’«i 
very largely in the recovery of vegetable fats and oils, «ni 
account of the greater yield it ensures, is utilised for animal 
fats only in individual cases, e.g'., the recovery of bone fat 
and of the residual tallow from greave.s. 

In consequence of the peculiar composition of the raw 
material the mechanical appliances used in the preparation 
of the fats are different from those for vegetable fats and 
oils. They consist of:— 



Fig. 2 .—Fat-grinding mill (W. Rivoir). 


1. Machines for comminuting the fatty tissue. 

2. Pans of various construction for melting down the crude 
fat 

3. Extraction plant for bone fat whereby glue can at the 
same time be recovered. 

4. Presses for pressing blubber, as well as for separating 
the liquid and solid fats. 

5. Filtering apparatus. 




PREPARATION OF ANIMAL FATS AND OILS. 


33 


Latterly also the operation of separating the fat of fish 
and marine mammals into their solid and liquid components 
by centrifugal force has come into practice. The centrifugal 
machines used for this purpose deliver the liquid fat either 
over the edge or through lateral apertures in the inner drum, 
but machines of any known type are suitable. 

Those varieties of tallow (raw tallow, core or kidney suet) 
that are used for making artificial butter are separated into 
their solid (or oleo) and liquid constituents by heavy pressure, 
and the so-called press tallow (or beef stearin) is prepared in 
the same manner by pressing tallow previously refined by 
melting. 

The purification of the animal fats is effected by melting 
and repeated agitation with water, or bleaching by chemicals— 
the latter operation being but seldom resorted to. For the 
removal of small solid particles the fat is liquefied and strained 
through sieves or filter cloths. Blubber is also treated the 
same way or clarified by filtration by means of various, 
mechanical appliances, such as filter presses or filtering ap¬ 
paratus of the kinds described in the author’s work on 
Vegetable Fats and Oils 

MACHINERY FOR BREAKING DOWN FATTY TISSUES. 

Animal fats are delivered to the melter in lumps of all 
sizes, sometimes (as in the case of whale blubber) even in 
large blocks of considerable circumference and thickness ; but 
they cannot be worked up while in this condition, since it 
would, on the one hand, necessitate the use of excessively 
large vessels, and on the other, the melting down in an 
unbroken state would require too much time. However, it is 
not merely a question of dividing the fat into small portions, 
but also, and principally, of breaking down and disrupting 
the cellular tissues in which the fat is enclosed, without which 
rupture of tissue an insufficient yield of pure fat would be 
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obtained and the greater part of the material \vc>ulci e* fi# 
be exposed to an excessively high tein[)erature in ti ? 

allow all the fat to exude. The fat is therefnrc cominimi!rf! 
before melting, an operation which can be effected in vari« ai 
ways. The simplest but most cumbrous and tedious inctlii#d 
is by chopping on a block with a sharp knife or hatchet. ;\ 
better plan is to employ a knife, movable vertically tlna^ingh 
a fixed point—a kind of chopping machine; but this aKc» i-* 



Fig. 3 .—Fat-cutting machine with revolving knives. 


insufficient for working on a large scale. In England 
runners (Fig. i), i,e., heavy millstones, made to revolve over a 
horizontal surface by means of a driving pulley (placed nhrwv 
or below), are used, which crush the fat by their weighty tlir 
membrane of the cellular tissue being thereby ruptured and 
the fat converted into a pulpy mass having a considerable 
degree of fineness. 

Roller mills may also serve for crushing fat^ but the fat» 
grinding machine shown in Fig. 2 is more ^cient 

This machine consists of an iron frame on which are 
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mounted grooved (sharp-edged) rollers driven by toothed 
gearing and belting pulleys, and at the top a wooden box 
or hopper for feeding the fat to the rollers. When the roller.s 
are set in motion and the fat placed in the box, the rollers 
(which move in opposite directions) draw the fat in, cut it and 
crush it, and then allow it to drop into a receiver situated 



Fig. 4.—Fat-cutting machine with revolving knives. 


beneath. In this case the material is not only lorn apart but 
comminuted as well. 

The most efficient of all, however, are the cutting machines, 
such as are shown in Figs. 3 and 4. In the hollow of the 
cast-iron stand a number of sharp-edged knives are placed, 
which revolve, and thereby rapidly cut in pieces the material 
fed from the upper dish, and deliver it by its own gravity into 
a receiver below. 
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PANS AND APPARATUS FOR FAT MELTING. 

The pans for melting the fat may be selected in accord¬ 
ance with the requirements of the business ; these may be of a 
simple kind if it is merely a question of small quantities or of 
such kinds of fat, e.g., hog fat, as evolve no malodorous 
vapours, or, finally, when the works are situated in a' place 
where the neighbourhood suffers no inconvenience by the 
production of a strong smell, e,g.^ blubber-melting works in 



Fig. 5.—Portable melting stove with pan. 


the vicinity of the fishery. The pans may be mounted either 
on portable stoves, as, for instance, in blubber refining, or 
else surrounded by brickwork, and, therefore, fixtures. In 
either case, however, the hot gases only and not the flame 
should come in contact with the bottom of the pan, in order 
to prevent the melted fat becoming overheated, a condition 
which would result not only in the discoloration (browning) 
of the fat, but also cause danger from fire. Iron or wooden 
vats heated by a steam coil, or jacketed pans, may also be 
advantageously employed. 
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A portable melting pan is depicted in Fig. 5, consisting of 
a sheet-iron stove with furnace door and flue and^a wrought- 
iron or copper pan. The dome-shaped bottom of the pan is 
protected (around the spring of the dome) from^the action 
of the fire by means of a partition wall. 

A fixed pan heated by direct fire is shown in Fig. 6. The 
pan stands above the level of the bottom of the furnace, and 



Fig. 6 .—Fixed pan heated by direct fire. 


is accessible by means of steps. The melted fat can be run 
off through a tap near the bottom of the pan. 

In large establishments, especially in inhabited districts, 
tallow melting in open pans is prohibited by the authorities, 
the use of closed vessels being imperative. A number of 
these appliances are described and illustrated in the following 
pages. 

Tallow-Melting Plant Designed by Toncou. 


The inodorous tallow-melting plant devised by Toncou 
is depicted in Figs. 7 to 9. The installation comprises sixteen 
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pans A, each of which is fitted with a hood B (Fig. 9), to¬ 
gether with a tabular superstructure and a manhole C for 
filling and emptying the pan. The vapour catchers (hood, 
etc.) B are connected with a draught flue H, about 30 in. 
laigh and 26 in. wide, which conveys the vapours under the 
white-hot dome of a small furnace (situated directly beneath 



Pig. 7. —Tallow-melting plant heated by direct fire and fitted with deodorising 
furnace.—A, melting pan; B, hood; C, manhole ; D, furnace for each pan; 
E, vapour catcher; F, flue common to all the furnaces ; G, supplementary 
furnace; H, draught flue leading to G; J, draught hole; K, grating; L, 
fireproof arch; M, register. 

a shaft E, which is about no ft. high), where they are com¬ 
pletely consumed. The whole of the furnace fires are con¬ 
nected with the aforesaid shaft by a common flue B". In 
very large works a draught hole J is provided, through which 
air enters and dilutes the vapours, which then pass through 
a grating K into the furnace C, the products of the com¬ 
bustion going on in the latter streaming through a grating 
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Fig. 8. — Tallow-melting plant with direct fire and deodorising furnace. 

when desired, between the flues H and F in order to divert 
the vapours from the pans whilst the fire is being kindled 
in G. By means of a second vertical damper O the furnace 
gases can be diverted through the fire G, the horizontal 
damper N being assumed as open for that purpose. This 
arrangement presents the great advantage that the vapours 
and gases to be burned need not pass through the fuel, the 
place where the coal is consumed being distinct from the 
chamber wherein the actual destruction—combustion—of the 
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g'ases is efifected, so that, since pure air alone is admitted 
to the fuel, the fire can be made stronger or reduced at will 
It goes without saying that the gratings K and L must be 
made of fireproof material (firebrick). Notwithstanding this, 
the brickwork easily becomes damaged on account of the large 
quantity of moisture contained in the vapours. 



Fig. 9 .—Vertical section of a melting pan. 


Tallow-Melting Plant for Sulphuric Acid Method. 

In order to obviate the numerous inconveniences attend¬ 
ant on the melting of tallow in open pans, and the great 
expense of large installations for working without smell, a 
practice has latterly arisen of melting tallow with the assist¬ 
ance of dilute sulphuric acid. An apparatus designed by 
Vohl for this purpose is shown in Fig. 10. 







PREPARATION OF ANIMAL FATS AND OILS. 


41 


This consists of a lead-lined, cast-iron pan A, with cylin¬ 
drical cover B and lid C, fitted with a mica plate D. A 
similar plate is fitted in the door E, and by this means in¬ 
spection of the course of the operation proceeding inside the 
pan is facilitated. At night an artificial light is placed over 
the mica plate in the lid C Mica is selected lor these windows 
on account of its greater durability and security as compared 
with glass. The door E serves for the admission of the 


B 



Fig. 10 .—Tallow-rnelting plant with direct fire (for acid treatment).—A, lead- 
lined, cast-iron pan; B, cylindrical cover; C, donned lid; D, inica plate; 
E, door; F, outlet tap for tallow; G, tap for drawing off the acid liquor; 
H, hearth; J, pipe leading from pan to condenser; K, condenser box; L, 
lid; M, packing round the rim; M, outflow pipe; O, effluent for the easily 
condensable gases; F, condenser; Q, outflow pipe; R, outflow ; S, outflow 
pipe for the permanent gases; T, flue ; U, ash-pit, 

tallow and hermetically closes B, besides serving for withdraw¬ 
ing the greaves left on the grating at the bottom of the pan 
when the operation is terminated, after the tallow has been 
run off through the tap F and the acid liquor through G. 
The gases and vapours generated in A during the melting 
process pass through the pipe I to the condenser K, which is 
closed by a lid L packed round the edge M. Inside, the 
box K contains a number of inclined platforms covered with 
slaked lime. The box itself is made of wood impregnated 
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with tar and asphalt. The condensed water runs away 
through the/pipe N and forms in the swan-neck R a water- 
seal preventing the escape of vapour. The uncondensecl 
gases and vapours issue from K vid the pipe O into the lead- 
lined condenser P, which is filled with coke or pumice, im¬ 
pregnated with sulphuric acid, and the accumulated lic]uid 
runs off at the bottom through the pipe Q to the discharge 
pipe R, the permanent gases, etc., being finally led through 
the pipe S into the conduit T which debouches in the ash-pit 
U below the hearth of the furnace H, where they are con¬ 
sumed. These gases can be delivered underneath the fire 
without any fear of reducing the draught, since they have been 
mostly freed from water in the condenser. The ash-pit U 
is fitted with an iron door by means of which a powerful 
draught can be induced for exhausting all the gases from the 
apparatus and carrying them to be consumed in the furnace. 
V is a funnel leading to the shaft and effecting the removal 
of the furnace gases. 

In working this apparatus 20 parts of water previously 
mixed with to i-J parts of concentrated sulphuric acid are 
employed for each 100 parts of tallow to be melted. The 
sulphuric acid serves to effect the chemical decomposition 
and bursting of the cells. 

Wilson's Tallow-Melting Apparatus. 

In the Wilson apparatus (Fig. 11) the steam enters through 
the perforated pipe G beneath the false bottom. The plate 
F fits tightly over the aperture K and the vessel is charged 
with tallow to two-thirds of its capacity. The steam pressure 
may be as high as 3-^ atmospheres, a pressure which is main¬ 
tained during ten hours.. The condensed water collects be¬ 
neath the false bottom and can be drawn off when required. 
The melted tallow runs away through the taps P P, and the 
greaves are finally removed through the aperture E. 
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Gellhorn, Flottmann & Co.’s Steam Apparatus for 
Tallow Melting. 

The fat to be melted is introduced into the melting pan 
A, through the neck, and rests on a grid B covered with fine 
filter cloth. The pan is situated in -the basement, and the 
neck projects through the ground floor, an arrangement 
economising both time and labour in charging the pan. The 



Fig. II.— Wilson’s tallow-melting apparatus. 


latter is constructed of strong sheet-iron, jacketed with a tin 
case and slag wool lagging to prevent loss of heat by radiation. 
When the melting pan A is filled with crude fat, water is 
poured in until the charge is covered, and the neck is then 
closed by a steam-tight lid. 

Steam is conducted from the boilers C through the pipe 
D into the melting house as far as the pan A, where it passes 
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down the two vertical branches E and F (fitted with valves 
G, H), the former of which extends almost to the bottom of 
the pan. To start the process the valve G is opened and 
admits steam (at a pressure of 3 atmospheres) into A below 



Fig. 12. —Gellhorn, Flottmann & Co.’s steam apparatus for tallow melting. 
(Ground plan.) 

the grid B, whereby the water is first raised to the boil and 
the fat to melting-point. The operation lasts five hours, dur¬ 
ing which time the boilers have, of course, .to be refilled several 
times, so that the steam pressure continually recedes, and it 
may happen that the pressure of steam in the boiler becomes 
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less than that in the pan. I'n prevent the steam eseapiiiff 
from the latter back into the boiler by way of th<‘ fecf!»|ii|ws 
K, D, a back-pressure valve J is afllxt^l in I). A ami f) art* 
alsf) provided with pressure gauges to enabk* the pn^ssure !o 
l>c obscrvcfl When thi! diffctrcnices of pressure an: I’onsider* 
able the valve (f is closed. Also at tile end one* hour tlir 



M» Cielllifirfi, I'Fa I f 11*1 fi ft M Oi/'s pFiiif tlifriit|||i riif'||ifi|,| 

A. ffiflling imii ; II, ^rttl fiftrr; C. ; II, inptn 

1 % F, Itfaficli iltcrefffiiti in A; O, Hi ^'dhen ai F, F; J, 
valve; IC.pifff i« t laiikfincf; L, vaivr iii K; M, riif»lrti%rf, N, fmmwn 
(% wateoinim ; F, ri|ic imtvwym^ ilir !« ilir lunm:r . q, Moimimtm 
piimm; S, gmmml mnilmv |ii|ic; T* watilw^lr; |% pipr ft^ari A m W; V, 
valve III |ii|ie I-; W.cbifflyirfg wit; X, towittfi fioiii W iti V; clitifvhtg 

f,iti; /, Ft ¥, 

valve Ci is shut and the vaive in the pipe l\ ci|ii:uietk ^vlirfi:- 
lijMiii stcatii and liin iiiakifiorcuis ||ase,?t evcilvt!«l by the eriidr 
fat pass, in coitipaiiy with aiiitiiiiicfl gicibiilen of fal, froiii A 
into tlie coiicleiiser M, which, tcigtrlher with tlin atliiidted re- 
ceivef N, in half fi!i«i with cold water. 11ic fiifM- K h emo 
tiiiiicci ivilhiii the crMiilcfi^er M and cktioiicfitri liclfiw lltc* level 
of lie water therein. Suiickfil water k siipfilied liy the fiifx* 
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O to condense the vapour and fix the malodorous g:ases in the 
water, whilst the uncondensed gases pass with the fat globules 
and warmed water into the receiver N, and the gases that do 
not remain in the latter then pass through the pipe P to the 
back of the fire bridge in the boiler fire, where they are con¬ 
sumed. The inclined tube V in the receiver N serves to keep 
the water-level in M and N constant by drawing off a ejuantity 
of warm water equal to that of the cold supplied and deliver¬ 
ing it into the pipe R, which discharges it through the common 
outfall S into the open air, where it can be mixed with soil for 
manure. 

The fat accumulating in time in the receiver N is removed 
through the manhole T. Taps leading to the outfall pipe S 
are fitted to the receiver and condenser in order to draw off 
their contents when they have to be emptied and cleaned 

Condenser, receiver and melting pan are built of strong 
sheet-iron. When the gas is all removed the supply of water 
to the condenser is arrested, and the pan A disconnected from 
the condenser by closing the valve L. G being reopened, 
fresh steam is admitted into A, and the crude fat is again 
melted, this time for four hours, whereafter G is once more 
closed and the vapour and gas again passed through the con¬ 
denser as already described. When the gauge on the pan 
shows that all the pressure is removed, A is closed and left for 
an hour, during which period of repose the preliminary clarifi¬ 
cation of the melted fat from the admixed solid residue and 
dirt is effected. The valve H in the pipe F being then opened, 
steam enters the upper part of the pan and presses on the sur¬ 
face of the fat there floating on the water; and when the valve 
V is opened the fat and water are forced through the pipe U 
into the clarifying vat W, the water entering first and being 
followed by the tallow, which is freed from the solid residue 
and coarser particles of dirt by the filter B, these latter being 
removed from A through the lower opening, which at other 
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limes is tightly cIusecL The clarifying \‘at \V i. nf 
aiici has the largest possible surtkee ; iiere a,ri* lli«* 

particles of dirt, part of them sinking to the botltnn ami pail 
forming a thin scum on the surface of the fat Afim’ reiiiaiio 
ing at rest in this I'at for six to eight hours the fat is itirii 
graclually floated upwards by mctaiisof water, adiiiilfed Ihroiigli 
the pipe (), mail it runs cdT tltnui||h tlu! lapji-ed pipe X into 
the clarifying fKiii V, Iht; water and deposif.rd dirt in \\' beiii;: 
drawn off fnim the hottoim The \‘esMd \V is naaned iin th*'* 
vapour which enters when the tmiHs is foned orer foiiii the 
pan A escaping through a pipe exti'iitiiiig iiitfi flit.:* fiptii ait 
above the rof£ 'Fhe ciarifyiiig pin V is a wwoiigfil iis*n 
jacketed pan, fjpen at the top, (smsfriified to stand tlir wiir}4iiie 
pressure atmos,^ of' thr strain in A, anti iaogrd luili bsii! 
ami slag Wf^d to prevent radiafiofi. llrlofi* ilif* fat is adififlt<s| 
the fcui is partly fiilcsl with rleaii cohi \%4frn, and flunn 
the fat is in, llie mass is geiiliy boilfs! by inraiis of sifsiiti .pf 
iiiittcd into the Jacket S|i*-ic:i! froin tlie piim II n/d X. Altri 
treating in this way fnriiii licuir, liiiriiig irliiifi time llir si lan 
is taken off, the valve iii the pif'ie Z i # « hi isi, and fin sPmiu 
and watcff of coiidefisatioii iirc ri.ifi oil flirfiiioji ^4^ 

When tile mass is so far cm tied tlwl it tiegiiii lo .ei, the 
tap ill the pif« kading from tlic bolffitn *4 ilie ilifilyiiig pan 
is opened iiiic! the ctmiUmU drawn off; ilm ii.iftw and diil 
aiifl then the piirifiecl fat, which is liolitrfrr! inh, ihr traiispoii 
casks. In the hot mimm cold watiu* If oiii 11 i ^ pas led mtu t!ir 
jacket space iircnirid tlie |«ii aiicf atii 4 . ifie sofiiigr ,4 tfn* bn 

lly iiicans of tliii njiparatiis pttrlertly ptiitf* tallow ii pi*o 
diiced* 

LcM:'‘KWfXIIl AMII KvkmittX SrisA^f l*LA%r 

Mkltixc;. 

1 he adviiittaijes of l!ik plant cniisisl clikfty in the coiiiplfie 
destmctioii of the evii-fiiiidliiig injiirious to ticallfn 
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and in the security of the apparatus against explosion, the fat 
being gradually melted in a digester. The apparatus (Fig. 14) 
consists of two parts, viz., a melting pan and a furnace for 
consuming the evolved gases and vapours, these two parts 
being connected by a pipe J. The pan, or digester, which 



Fig. 14.—Steam plant for tallow melting.—A, sheet-iron pan ; B, jacket; C, steam 
pipe; D, stay rods; E, manhole; F, outlet; G, flue; H, hearth; J, pipe 
leading to furnace; K, pressure gauge of steam jacket; L, pressure gauge 
of digester; M, exhaust pipe with strainer; N, swivel joint; O, ^stem of 
tubes; P, burner; Q, opening and air chamber; R, hearth; S, tube; T, 
flue; U, outlet pipe, 

contains the fat to be melted, consists of a steam-tight 
cylindrical vessel A surrounded by a jacket B. In order to 
make the apparatus extremely firm—since it has to bear a 
temporary pressure of 7 atmospheres—the top and bottom of 
the cylinder are connected by iron stays, and the jacket with 
the inner cylinder by stay bolts, in addition to which the 
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steam pipe C.’, which servers to regiilatc! the teiiijHn’atiiir n| ifn’ 
charge of fat, also assists in straigtheiiing tln' paie Tieln 
the \"e.ssel, which is mounteri on leet, is a turmoo, ittr Iu»l 
gases from which pass through Hues (i cut in tile luhkworl, m 
such a manner that the! gases camie in coutaci uith as laige 
a surface as possible of the pan ami finally escape into the 
chimney. l*hc melting pan is hllefl by way of a iiiafilioie 1 *.* 
and the residua! skin, greaves, etc., are reiiio%‘ed throiiyji an 
opening F. The reiiitnail of the: litpiid fat is efiecled by an 
exhaust fiipe M turning cm a swivel joint X, and filled at the 
end with a strainer t<» keep hack csxlraiiccuis irialters* the 
other cud leading to an emtiet pipe {\ through which tht" lat, 
forced upwards In’ tins pre^ssurf* in the* pan, i « del i vet is t to 
any coiiveiiictiit spot. 1 hf* ga 4 ‘s and vapoiits pfujeuitfsi 
during the fue!lin|,^ of llit: crude tal are Ircf tlitfitiyji the itiia 
tion pipe J to the Argaiid fiiniacr ais the iineiilor deagnafi's 
this |Mirtioii of the appaniliis , Herr the gasrs ;t! fust irauno* 
a system of heatal tubes t) and theii issiii* thnuii-^li fifin 
burners I* arraiiged syiiirrielricaliy arfitiiitl liie fiiniriitc iiiiti 
there inixcc! with itliticnpheric: air iiiid liiiriicfl. Ttie jif«idiit;t'*» 
of combust if ^11 in iiHcemliiig siirrotiiifl llie spirii! tlaiicl icwtifir 
into the chimney T. The air rccjiikile for cotiitiiisliiiii ciiiers 
at the «pfM:f part of the fiirfiace, al (#, iiitci mt air rJiiiiiilier 
eiiclosed in the brickw^ork, whrrit if is liratrd, aiid tliriire 
pasHcH to the tiiirners fiebw. In f#rder to iiirrisuw itir draiifdit 
a small tiik* S ccificliic:ls hralitd gas tiiider prre 4 ire flic 

space l)eIow the hearth M. With this dcsrrfptinfi ihr ivorkiiig 
of the apparatus can tjeexjdaitiiid in u vny frw Wfirf|%, Aftri 
the jacket II has been filkd with iviilcr up to a level 
the top of the flue, the charge of fat is iilaced in iftr fiiip-Hiri, 
care l«iiig taken that itic exiisiiisl pific M is fimi raiHnl fi* 
its highest position and fixed them Siiriiiilartetfii'ily with 
the closing rif the feed-opening the Argiiiifi fiirmicc is kifidleih 
and as sooii as a ttiodcrale mmmut cif pressure h iiifilcilcd 
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by the gauge K the tap in the pipe J is opened and tht- i 
allowed to escape to the combustion furnace, which i 
in the meantime have become hot enough to ensiii« 
destruction of the malodorous gases. The heating t 
melting pan is so regulated that the pressure inside 
does not exceed 2 j atmospheres and that in the jacket 
not more than 4 atmospheres. In order to ascertain 1 
the melting is complete, samples may be taken from tin 
time through the pipe M. The capacity of this ciiL: 
is generally 7*|- tons. When the residual tissues are in ft* 
for fodder they are dried at night in the pan itself, a h 
being kept up in the combustion furnace. 

Steam Apparatus for Tallow Mei.tino. 

A simple form of tallow melter heated by steam Lh *%1 
in Fig. 15. 

The apparatus consists of ** 
covered with a hood which i 
with an effluent pipe. The? 
through which steam at a 
of several atmospheres is arli'r 
is wound in spiral form in mt 
manner that the upper tier of tli' 
is situated at a level about orit.?- 
the height of the* pan, the 
being directed progressively c’ 
wards until the lowest one 
exit at the foot of the vesseL 
the steam enters at the top of tit 
and condenses to water there*iti 
necessary to give the coil such m 
that the water can run away freely. At the commes'ict 
of working the steam is regulated so that water alonm 
from the lower extremity of the coil, and the steam cmrw 
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allowed to act until the crackling sound caused by the evapora¬ 
tion* of water from the greaves is heard inside the pan. 

To facilitate the removal of the melted fat the bottom of 
the pan is made somewhat concave and is fitted with a pipe, 
above which is a grid supporting the greaves, these latter 
being afterwards removed through a lateral opening (covered 
by a screwed lid) on a level with the false bottom. A glass 
tube gauge, fitted at the side of the pan, enables the height of 
the melted tallow in the vessel to be observed. The pan is 
also lagged with wood to prevent the radiation of heat. 

A slow current of steam may be passed through the coil 
even while the pan is being charged, the current being turned 
on more fully, as already described, when the pan is closed. 
Directly the fat is melted the steam is shut off, the fat being 
then run away through the pipe at the bottom of the vessel, 
which latter is refilled with tallow after the greaves have been 
removed. 

Rivoir’s Steam Apparatus for Tallow Melting. 

This apparatus, displayed in Fig. i6, works without emit¬ 
ting any smell, the liquefaction of the fat being effected by 
steam under a pressure of from 3 to 5 atmospheres. The pan 
is made of wrought-iron, with a riveted, rounded bottom, and 
stands upright on a wrought-iron frame. In the lower part 
of the cylinder two perforated false bottoms are fixed at a 
little distance apart, the fat to be melted being laid on the 
upper one, which is readily accessible from without through a 
lateral aperture closed by means of a bow and screw and 
situated on the same level with the false bottom. This open¬ 
ing serves for clearing out the greaves. Between the false 
bottoms there is a lateral cock for drawing off the melted fat. 

Beneath the lower false bottom is situated the steam coil, 
and below that again, in the deepest part of the pan, are the 
pipe and cock for emptying the vessel completely. At the 
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top of the apparatus is a manhole, fastened by a bow and 
screw, through which the pan is filled, and entered for clean¬ 
ing ; and an escape pipe for the vapours is also situated in 
the top of the vessel. When the apparatus is connected with 
a steam supply working at a pressure exceeding 5 atmos¬ 
pheres it must be provided with a safety valve, pressure 
gauge, reducing valve and back-pressure valve between the 



Fig. 16.—Steam apparatus for tallow melting (W. Rivoir). 

pan and the feed-pipe. Where steam is not available the 
can be modified so that it can be set in brickwork 
and generate its own steam for the melting process. 

For working with indirect steam, ie,, without the steam 
and fat coming into direct contact, the maker supplies 
jacketed pans well tinned inside, the heat being then applied 
by a steam coil situated in the space between the two walls of 
of the pan. A cold water coil is also provided, so that the 
temperature can be regulated as desired. The interior fittings 
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comprise a vertical pipe and a draw-ofF cock as in the case of 
the single pan, a cock for completely emptying the vessel 
being placed, with its attached pipe, centrally, at the lowest 
point in the bottom. The pan itself is supported on a wrought- 
iron stand. 

In order to accelerate the melting process stiri'ers are 
provided which squeeze the lumps of melting fat between 
arms. These stirrers are made of well-tinned wrought-iron 
and are easily taken out for cleaning. Motion is imparted 
from a driving pulley above and a pair of cone wheels, and 
they can be arranged for driving either by hand or power. 

By reason of their simplicity and great capacity Rivoids 
melting pans have proved exceedingly useful, and are pre¬ 
ferred by experienced melters before more complex and less 
practical systems. 

For melting good quality tallow, such as premie)^ jus^ 
or edible fat, Rivoir supplies simple, round, wooden v-^ats heated 
by direct steam, which is admitted through a coil at the 
bottom. A draw-off cock for the melted fat is placed at a 
moderate height above the base, the fat being delivered to 
this cock by a jointed pipe, an arrangement which allows the 
clear fat to be drawn from any level within the vat. A clean¬ 
ing-out valve is fitted in the bottom, the aperture being made 
sufficiently large to enable the residue to be removed from the 
vat with ease and the latter swilled out with water. All the 
ironv/ork coming in contact with the fat is well tinned. 

O. Heintschel’s Tallow-Melting, Clarifying and 
Filtering Apparatus for Continuous Work. 

The apparatus shown in various points of detail in Figs. 
17 to 20 consists of three parts: the melting pan A, the 
clarifier B, and the filtering vessels Ci C^ Cj^. 

The melting pan is a cylindrical vessel with a conical 
bottom, which, as shown in Figs. 17 and 18, is jacketed, the 
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intermediate space between the walls containing 
apparatus composed of coiled or trans\'ersc 
pouches. In the axis of this pan is situated a vcrtic 
cylinder. Fj (Fig. 19), projecting through both lid ai 
of the pan and fitted with stirrers and overhead riri 
Being open below and projecting through the bottc* 



Fig. 17. —Heintschel’s tallow-meltings clarifying and Altering aj 
(Front vertical section.) 

cylinder communicates with the second chamber 
closed by means of a slide or trap, etc., V, whereb 
chambers can be isolated. Close to the filter tut 
deepest point of the bottom of A, is a second oj^nir 
19), so that a valve adjustable from outside enablei 
to be connected with or shut off from one anot! 
filtering cylinder has a perforated jacket, whereby t 
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troduced into A through the feed-opening E is, after being 
melted by the warm air in the double walls or heating 
apparatus, enabled to filter through the opening's iri the 
said cylinder. When V (Fig. i8) is open the fat drains away 
and collects in B. In order to increase the filtering capacity 
the tube F may’be replaced by perforated filter tubes, the 
perforations being made only on the side of the tube opposed 
to the direction of movement of F, in order to prev^ent the 
clogging of the filtering surface. For the same purpose a 
slide, perforated with apertures corre¬ 
sponding to those on the cylinder, can 
be mounted thereon, and by being 
moved up and down be made to clear 
away any fibres, etc., attaching them¬ 
selves to the apertures; ora scraper 
may be affixed to part of the appara¬ 
tus so that its cutting edge rests on 
the filter cylinder and scrapes off any 
adherent matter during the rotation of 
the cylinder. 

The clarifying chamber B is situ¬ 
ated underneath or by the side of A, 
and, like the latter, has a deepened 
bottom and a heating apparatus. At 
the deepest point in the bottom it is 
fitted with a closable aperture, and near this a telescopic or 
hinged tube (adjustable from the outside), or else a number of 
taps at different heights. When a sufficient quantity of melted 
fat has been run off from A into B then the chambers are 
isolated by closing the aperture of communication. In con¬ 
sequence of their different specific gravity, the various grades 
of tallow,-as well as the admixed particles of fibre and water, 
quickly separate in layers, the better, lighter grades being at 
the top, the others successively lower, and the water and 



Fig. i 8.—Heintschel’s ap¬ 
paratus.- (Detai’s of 
melting pan.) 
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fibrous particles weighted therewith lowest of all in the 
deepened bottom B ; so that by suitably adjusting the draw¬ 
off tube, or by way of the taps, definite grades of melted fat 
can always be run off from above downwards and conducted 
by the flexible tube D into the clarifying vessels. 

The solid constituents (greaves) collecting, in the course of 



Fig. 19.—Heintschel’s apparatus. (Lateral section.) 


the continuous melting process, in the bottom of the melting- 
chamber A, as well as water, blood residue, etc., are drawn off 
from time to time through O into the empty clarifying chamber, 
where they are clarified, the hot liquid fats they still contain 
being removed through T; and, finally, the less valuable, thick 
residues are withdrawn through O into the vessels placed 
underneath, where they can be subjected to further treatment 
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In this process, by means of the continuous series of opera¬ 
tions performed in succession (melting, clarifying and draw¬ 
ing off), the capacity of the apparatus is far in advance of the 
old-fashioned plant as regards both the quantitative and quali¬ 
tative results obtained. Moreover, this system possesses the 
additional advantage that by drawing off through the adjustable 
pipe B and collecting extremely uniform grades of melted fat 
in the clarifying vessels, a well-assorted class 
of goods is produced and the raw material 
utilised to the best advantage. In order to 
enable the separation of the fats to be effected 
according to specific gravity in the chamber 
Ai, another construction is given to the filter¬ 
ing cylinder. This is perforated with a con¬ 
venient number of holes or slits arranged in 
rings at different heights and is provided 
with a well-fitting inner tube perforated to 
correspond. 

Thus, for example, if the fat is to be 
separated into three portions at equal inter¬ 
vals of height, three equidistant rows of rings 
are provided. By raising or lowering the 
tube, through a distance equal to one- 

third of the interval between the rings, the 
sifting rings opposite the one layer are brought 
into juxtaposition, the openings in the other 
two being covered and thereby closed. By 
this means a qualitative separation of the melted fats can be 
effected even in the melting chamber A, uniformity of qualit)'- 
being thereby more effectually ensured. 
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Fig. 20 .—Heint- 
schol’s appara¬ 
tus. (Filtering 
cylinder*) 


Fat-Ektracting Apparatus with Corrltjatkd B(n-TOM. 

The apparatus shown in plan in Fig. 21, and in side and 
front view in Figs. 22 and 23 respectively, is designed for 



Fig. 21.—Fat-extracting apparatus with corrugated bottom. 

heights, the walls being covered with insulating material to 
prevent radiation. The arrangement is such that the steam 
from a common feed-pipe c enters each series at the same 



Fig. 22.—Apparatus with corrugated bottom. (Side view.) 


time, so that a uniform temperature is maintained. through¬ 
out all parts of the tubes and apparatus. In order to increase 
the influence of the heat, radiated from the pipes, on the fat 
or fatty matter in the flat boxes r, and, with this object, to 
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obtain the largest possible extent of surface, the bottom of the 
box is made of corrugated tinplate, an arrangement greatly in¬ 
creasing the area of surface exposed in comparison with a 
flat bottom. In the hollows formed by the corrugations are 
fixed semicircular or angular strips of iron, which are perfo¬ 
rated all along the edges, so that the melted fat can run 
through into the channel formed by the iron strips and hol¬ 
lows of the bottom and run down to the front of the box, 
which is laid at an angle for this purpose. Not only is the 
draining of the fat facilitated by this arrangement but the 



Fig. 23.— Melting apparatus with corrugated Fig. 2^. —Arrangement or 

bottom. (Front view.) Funnel, 

impurities are also retained. The fat arriving at the front 
of the boxes runs down through the apertures there into open 
channels e, which convey it to a vertical collecting pipe. In 
this case the corrugations extend to the front end of each 
box. Instead, however, of having a channel e underneath, 
the front edge of the box may be inclined towards the centre 
of the apparatus, and when this is the case the corrugations 
do not extend quite to the edge, but a ledge sloping down 
towards the middle of the apparatus is attached thereto. 
The fat coming from the channels or boxes runs into this 
ledge and is conveyed therein to the centre of the apparatus. 
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Under these ends are arranged stays (fastened near the 
collecting pipe) which catch the fat and lead it into the col¬ 
lecting pipes, from whence it passes to the collecting vessel. 
Another method of draining the fat from the front end of 
the boxes consists in allowing it to fall direct into a channel 
at the bottom of the apparatus, in which case the ends are 
arranged stepwise, the upper ones always projecting beyond 
those successively lower, so that the fat can drop direct 
from each to the channel Fig. 24, which slopes down to¬ 
wards the middle and terminates there in a collecting pipe. 
To prevent the fat splashing as it falls into the channel the 
latter is made in the shape of a funnel, with an angle as acute 
as possible, so that splashing is out of the question. This 
channel may either be provided with a small lateral opening 
discharging into a concave channel or may have an opening 
at the bottom, under which a partition wall covered with a 
shed roof, is arranged. 

Instead of fitting the boxes with corrugated bottoms as 
described, ordinary melting vessels may be employed, corru¬ 
gated plates being fitted either on the bottom or at a slight 
distance above. The fat is placed on these plates so that the 
melted fat flows down the channels and collects in the 
bottom of the vessel, to be then drained away in a suitable 
manner. 

Solvent Extraction Plant. 

As already mentioned, the solvent extraction process, 
which in the vegetable fat and oil industry is of considerable 
importance, is employed only in isolated cases for animal fats, 
the nature of the latter being different Bone fat is the fat 
mostly recovered by extraction, and rationally conducted 
establishments either extract the fat alone from the bones 
and treat the residual matter in other ways, or work up the 
bones completely in one operation. The forms of apparatus 
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described in that section of the author’s work on Vegetabfe 
Fats and ( 9 //^ dealing with extraction processes {q.v,) are also 
applicable for the treatment of bones as well as of the residue 
(greaves) from fat boiling works, whilst the plant now de¬ 
scribed is intended specially for the extraction of bone fat 

Dr. Ahrens’ Apparatus for Extracting Bone Fat. 

Latterly it has been proposed to replace the benzine, 
almost universally employed for depriving bones of their fat, 
by carbon tetrachloride, which is a powerful solvent of fat, 
has a constant boiling temperature, is uninflammable and 
leaves no unpleasant smell in the fat after saponification. If, 
however, carbon tetrachloride be used in the ordinary fat- 
extraction apparatus a remarkable phenomenon is observed : 
the fat being either black or very dark brown in colour. This 
results from decomposition products of carbon bisulphide, 
which is always present in commercial tetrachloride, the bi¬ 
sulphide forming, with the ammonia in the bones and iron in 
the blood, sulphocarbonates, which decompose into carbonates 
and sulphur compounds, which remain behind in the extracted 
fat after the removal of the solvent by evaporation and thus 
impart to it a dark colour. On the other hand, chemically 
pure carbon tetrachloride cannot be employed, on account of 
its high price. 

Nevertheless, the present process and the apparatus there¬ 
for enable the ordinary tetrachloride, contaminated by carbon 
bisulphide, to be used, the above-mentioned objection having 
been overcome. The process consists in depriving the bones 
of their fat in an open extractor fitted with two perforated 
false bottoms and a cooler, the cooling water of which covers 
the bones and the solvent. The ammoniacal vapours expelled 
from the bones during the heating of the solvent, form, with 
the accompanying air, bubbles, which ascend through the 
liquid and carry with them the .carbon tetrachloride. In 
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order to separate these bubbles of air, ammonia and tetra¬ 
chloride into their constituent compounds, a number of sieves 
arranged spirally and connected by fine sieves are fitted in 
the cooler, against which the bubbles impinge, whereby, in 
conjunction with the action of the water trickling down the 
partition walls, the tetrachloride is deposited in the form of 
specifically heavier oily drops, which are re-conducted to the 



Fig. 25.— Ahrens’ bone-fat extracting apparatus. (Cross section.) 

extractor, whilst the air escapes and the ammonia is retained 
by the cooling water. In the accompanying illustrations Fig. 25 
shows the general plan of the apparatus and Fig. 26 a modifi¬ 
cation in the construction of the cooler affixed to the top of 
the plant The method of working the form depicted in 
Fig. 25 is as follows: After the extractor A has been filled 
with bones through the upper manhole O so that they reach 
nearly as high as the upper false bottom m (which prevents 
their floating), the manholes O and are closed and carbon 
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tetrachloride is rim in from the storage vessel R liolil tin* 
bones are covered and the sidvcnt attains the Itnel fd’ w. 
which can be ascertained by means of the windows. ‘J'lie 
tap a,, of the pipe supplying the soivciil is tfien and 

water is poured into the coeder B through a neck .v until the 
level of the upper niaiihole is attained, Meatiwliile tlur v;ilv«* 
^1 of the overflow pipe a is closed, the manlitiie cover being 
off. The solvent in A is then heated to boiliiig-jKiiiit by a 
steam coil B| under the lower grat- 
ing (false bottoiip ;/i and dissolves 
out the fat contained in the bomrs. 

The vapours of carbon tetrac,:Iih»ride ^ 
evolved during the indliiig ascend 
into the water in the cooler, art! there 
condensed and fall Imck A, t{» 



then rciie%%' their coiirse. At the 
commencement of boiling; air and 
ammonia are given off from the boiies 
and carry .wme tetracliloricie with 
them. The partition wmlis Y in the 
cooler which serve to separate the 
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bubbles of gas, run in a spiral direction Hpwiu-dH, iiiclitiin|| to- 
wards the axis of the cooler atid being cotinetted together liy 
fine sieves. The ascending bubbles iniftinge on the spiral walls 
and are rhVerted laterall)/, pasHiug from one cotiijjarlment into 
another until they burst. Hy the imjmet of the hubbies on the 


partition walls and their passage through the sieves, the tetra. 


chloride is, under the concomitant action of the cooling water, 
depo.sitetl, ami, with the assistatice of the stream of watc! 


trickling from S, rtdls down the steeji plane until it rearbci 
the k)we.st point, whence it is fiivcrtcri back into the exir.if tor. 
The ascending amtnoniaca! vajanir is dissolved by the cooling 
water and i.s convcyerl away thrmigh the overfkm pijw « 
for further treatment. This overflow pijH; is fitted with u 
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cover in the vicinity of its embouchure in order that the 
descending tetrachloride may be diverted .si(ic\va>’s. Any 
tetrachloride carried away, notwithstanding^ this arrangement, 
is removed by a separating funnel D fixed at the lower ex¬ 
tremity of the overflow pipe, where it falls to the b(^ttoin and 
is conveyed through a short pipe r/into the conduit r and into 
a circulation vessel, whilst the cooling water runs away from 
the separating funnel. 

When, after several hours exposure to the tetrachloride, 
the bulk of the fat is dissolved, the .solution is run off through 
the tap ^ into the still r, and the extractor re-charged (after 
closing a and opening a.j) with solvent fn'Jiri the vessel J! to 
the same height as before. The solvent is distilled off in C 
and is condensed in the cooler K, whence it through 

e and E back into the extractor. The circulation vessel 1 % 
which is connected to the cooler K on the one hand and 
with the extractor on the other, serves to ccaitrol the pro¬ 
gress of the operation, in that the lk|uid dislilled from the 
fat flows into it (E) from the cooler and thence into the ex¬ 
tractor. For the purposes of this control a water-gauge glass 
is attached to the circulation vessel, so that by observing the 
fluctuations of the level of the liquid in the gauge the course 
of the operation can be judged. 

The extraction of the fat is gradually effecteci in the fore¬ 
going manner, and the solvent becomes progressively jioorer 
in fat As soon as a sample taken from Cj, between the ex¬ 
tractor and the still, is found to be free from fat the extraction 
is finished, and the expulsion of the solvent from A is pro¬ 
ceeded with. This is accomplished by admitting direct steam 
into A through pipes by closing the valves a and r, turiimg 
the steam valve back to drawing off the cooling water 
through the pipe 6 '^, closing the manhole lid A, and then 
opening the tap P of the pipe leading to the cooler. Here¬ 
upon the solvent passes over into the cooler K, where it k 
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condensed and returned to the vessel R for use over ag'ain, 
whilst the fat is freed from the last traces of solvent in the 
still C and is finally drawn off. Several of these extractors 
can also be united to form a battery, and the solvent re¬ 
maining in the first extractor at the conclusion of the opera¬ 
tion may be transferred to the second extractor ready filled 
with bones, an arrangement saving both time and steam. 
Moreover, at the commencement of operations the (closed) 
extractor can be connected with an air pump in order to 
exhaust the bones of air and gas and thus reduce the amount 
of gas evolved ; this without deviating from the principle of 
the invention. 

In Fig. 26 the cooler B is modified in so far that it is 
flattened at the base and expanded laterally and connected 
with the extractor A by a shut-off valve a'*. The cooler may 
be also jacketed or fitted with a worm tube to reduce the 
temperature. 

By the method of extraction in open vessels with carbon 
tetrachloride—boiling at 65‘^-78® C according to its degree 
of purity—the employment of a uniform low temperature^ 
and consequently the production of good fat, is rendered 
feasible, the decomposition of the solvent being, furthermore, 
prevented, since all the evolved gases and salts are removed 
by the supernatant cooling water. In addition to this the 
glue in the bones is greatly protected by reason of the low 
temperature employed and of the insolubilit}?- of the glue ir 
tetrachloride. 

J. Kaleczok’s Bone-Fat Extracting Apparatus. 

The vessel a, which is fitted with a perforated false 
bottom, is filled with bones, and the opening i closed. Here¬ 
upon, the hemispherical steam pan is placed under steam pres¬ 
sure, and the tap d in the feed-pipe supplying the solvent 
(benzine) opened The benzine flows from the feed-pipe b on 

5 
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to the hemispherical surface, where it is vaporised, and ascends, 
along with the vapours given off by the bones, through the 
pipe e into the condenser f. The condensed solvent and the 
water (the steam from the bones) arrive at the chamber //, 
whence the water runs off through the pipe f, and the benzine 
continues on its way through the chamber g and thence 



Fig. 27.—Kaleczok’s bone-fat extracting apparatus. 


through the feed-pipe back to the vaporising pan. The fat 
extracted from the bones, accompanied by a small quantity 
of the solvent, runs away from a through the pipe k to the 
vessel I containing the steam coil m. The steam pipe in the 
bottom of a is arranged as a spiral coil. 

A screen fitted over the benzine supply pipe prevents the 
extracted fat from coming into contact with the hot steam 
pipe. A number of small apertures in the benzine pipe per- 
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mit the outflow of the solvent on to the hemispherical surface 
of the vaporising pan. The effluent liquid is immediately 
vaporised, so that overflow is impossible. A flange, which 
serves to support the feed-pipe, forms the connection between 
several branch tubes. 

Tpie Holdhaus Apparatus for Extracting Fat and 
Drying the Residue. 

The apparatus displayed in Fig. 28 serves for the extrac¬ 
tion of fat from tissue and also for drying the residue. It 



Fig. 28.— The Holdhaus fat-extracting apparatus. 

consists of a drying cylinder A, provided with an arrange¬ 
ment for warming and manipulating the contents. A series 
of cylindrical vessels H is superimposed, and these communi¬ 
cate with the drying cylinder by apertures I in the bottom. 
These vessels are also provided with suitable openings for 
the admission of the material into the recipients, and each is 
fitted with a workable piston M, which can be forced down¬ 
wards by the mechanism provided for that purpose, thus 
squeez^ing the liquid out of the boiled material. The liquid is 
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then drawn off through the valve e^. The vapours from the 
vessels H are condensed and removed by means of one or 
several condensers and suitable pipes. The pressed material 
is then transferred from the vessels into the drying cylinder, 
where it is freed from moisture. 



Fig. 29.—Meikle’s extractor for bones, seeds or fish. 


Meikle’s Apparatus for Extracting Bones, Seeds, 

Fish, etc. 

The cylindrical vessel A (Fig. 29) is divided into an upper 
and lower chamber by means of a perforated partition sup- 
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porting a layer of filtering material, and is also fitted with a 
hollow lid H, conical projections on the under side of which 
facilitate an evenly distributed dropping of the solvent. The 
hollow space within the lid can be heated or cooled by means 
of the contained steam and cold water pipes. The steaming 
chamber is steam jacketed and is also fitted with a small 
steam jacket or steam disc on the inside. The lower chamber 
is provided with a similar heating appliance, and both are fitted 
with revolving stirrers D, mounted on a hollow shaft, which 
extends through the partition, and is perforated with lateral 
apertures. 

When the apparatus is to be used the raw material is 
placed in the upper chamber and impregnated with the sol¬ 
vent, which is forced in under pressure, through a supply 
pipe perforated to ensure uniform penetration. The result¬ 
ing fatty solution then filters through the partition and heat 
is applied to the lower chamber, whereby the solvent is 
vaporised and ascends, not through the filter, but by the easier 
passage, vzj2.j the hollow shaft, and escapes through the lateral 
apertures thereof. The vapours are condensed by the cold 
water pipe in the hollow lid, and the conical projections 
present the advantage of preventing the condensed liquid from 
collecting at one place; instead it drops uniformly from all the 
points formed by these cones, and so impregnates the material 
evenly. The extraction, therefore, proceeds continuously, 
and the stirrers can be set in action when convenient. When 
the operation is completed the hollow lid is no longer cooled, 
but heated like the rest of the apparatus, and the vapours then 
pass to the condenser. As soon as the extracted oil or fat is 
removed, the apparatus can be filled with a fresh charge of 
material. 
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Apparatus for Extracting Fat and Glue. 

E. J. Machalski of Brooklyn has constructed an apparatus 
for this purpose, the details of which are as follow: At the 
bottom of the vessel A destined for the reception of the 
materials to be treated is placed a steam coil B for heating same. 
Three pipes C debouch into the vessel, one of them conveying 



Fig. 30.—Machalski’s extractor for fat and glue. 


the (vaporised) solvent, the second removing the excess of 
this vapour to the condenser and the third supplying water. 
Underneath the vessel are placed recipients K, H for collect¬ 
ing the fat and glue, and there is also a battery^ of cisterns, 
M, O, Q, for concentrating and purifying the liquid glue, so 
arranged, one above the other, that the liquid runs through 
the series by gravitation, to be finally forced up through a 
pipe into special clarifying vessels. 
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Schweitzer's Extraction Plant 

for animal (and vegetable) materials is composed of an ex¬ 
traction cylinder fitted with manholes at the top and side, a 
condenser, an evaporator, and the vessels destined to receive 
the condensed solvent. The pipes and valves effect the fol¬ 
lowing combinations : Extractor with condenser, evaporator 
and condenser, condenser and storage vessel. The apparatus 



Fig. 31.—Schweitzer’s extractor for animal material. 

produces a perfectly dry residue, because the solvent used has 
a much higher boiling-point than that of water. 

The method of working is as follows : The materials are 
placed on the grating in the extractor, and the solvent is ad¬ 
mitted. Then all the communications are shut off except 
that between the extractor and condenser, and the solvent is 
heated by steam pipes nearly to boiling, whereby chiefly water 
vapour is evolved. The fat is dissolved and falls through the 
grating, and when the extraction is terminated the fatty 
mixture is transferred to the evaporator and heated to boilings 
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whereupon the connection leading to the condenser is opened 
and the fat or oil afterwards drawn off. If the residue is to 
be freed from the small portion of adherent solvent it is then 
heated to boiling in the extractor, and the evolved vapour is 
led into the condenser. 

W, 0 . Robbings Extractor .—This apparatus (Fig. 32) is de¬ 
scribed by the inventor as consisting of a cylinder (for contain¬ 
ing material to be extracted) traversed by a perforated tube for 



Fig. 32.—W. O. Robbin’s extractor. 


the admission under pressure of the solvent or of air. In the 
interior of the cylinder runs, on a guide way, an accurately 
fitting carriage, for the reception of the raw material, and 
provided with a slip extending from top to bottom. The 
operation is effected by filling the carriage with the material 
under treatment, the latter being then exposed to the action 
of the selected solvent, passed into the cylinder under pressure. 
When the extraction is completed the excess of vapour is 
driven over into the condenser by air, whereby the press 
residue is simultaneously dried, and the fat run off. 
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Perfected Extraction Apparatus. 

In various other extraction processes the separation of the 
fat and the concentration of the crude glue liquor have to be 
effected in separate, independent vessels, an arrangement en¬ 
tailing special attendance on each. In the apparatus now to 
be described, however, the entire process, viz,, the steaming 
of the raw material, the recovery of the pure fat and the con¬ 
centration of the glue liquor, is performed at one time and in 
the same apparatus. To this end the pipe d —as can be seen 
in Fig. 33—through which the liquid flows from the vessel A 



Fig. 33.—Apparatus for recovering fat and glue from animal residues. 


to B, is provided with a fairly wide aperture i at the upper 
end, whilst the. lower end reaches nearly down to the bottom 
of the vessel. On opening the valve e, the mixed liquid and 
vapour pass over from A into B, and the vapour is conducted 
away through i and the pipe h to the condenser C, whilst the 
liquid portion runs quietly down the pipe b and separates at 
the bottom of the vessel into fat and glue liquor, without, as 
hitherto, being mixed up together and heated by the current 
of steam. 

The separation of the steam can also be effected in another 
way. Thus, for example, the pipe d is diverted sideways 
into a boiler, in the lid of which is placed a wide, open pipe, 
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whilst from the lower part of the pan the pipe d extends 
nearly to the bottom of the vessel. The mixture of steam 
and liquid flowing in tangentially through the pipe (/streams 
along the walls of the pan whereby the steam is separated 
from the liquid, the latter flowing downwards through a pipe 
d, whilst the steam escapes through an upcast pipe I and passes 
thence through the pipe h to the condenser C. In the com¬ 
pleted form a plate is provided, against which the mixture 
of steam and liquid, entering laterally through impinges, and 
is separated into these components, the liquid running down 
through a pipe, whilst the steam passes round the plate and 
escapes upwards through the aperture. The same separation 
can, of course, also be effected by other means. After the 
complete separation of the fat from the glue liquor has been 
accomplished in the lower part of the vessel B, the former is 
drawn off through the tap and the residual glue liquor con¬ 
centrated in 3 itself. To this end a heating apparatus, a 
steam jacket, is placed at the lower extremity of the vessel B, 
and by this means the glue liquor is raised to boiling-point 
and thoroughly concentrated. The vapours thereby expelled 
pass through the pipe h to the condenser C, where they are 
completely liquefied, the concentration being in this manner 
effected entirely without smell. The nitrogenous dry matter 
in the glue liquor is left as a residue and may be removed by 
a suitable opening provided in the vessel B. 

This apparatus consequently offers the great advantage 
that the steaming process in A is in nowise influenced by 
the concentration in B, and both operations can be carried on 
at the same time; only for that purpose the condenser must 
be of sufficient capacity to cope simultaneously with the 
vapours delivered by A and those evolved from the glue 
liquor in B. 

Whereas, in earlier forms of apparatus, the products con¬ 
sisted of dried bones (or meat), fat and glue liquor, in the 
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present instance they cuinprisc merely fat ami the whule ef 
the solid siibstances present in the: carcase?, Uy the alKtliliMii 
of the easily cicconipfjsahlc glut: licjuta*, an imptnlant hyyiVnii 
aeivantage is» iKnvevet; gained witlulUt tlii,: cahm' faisairaftlt* 
points of the process.c*specially as reganis absetic:e of 'aiii?!! 

•Inang impairctl 

llie t|ualfty of the sohanit used is not wilhotil iiiflittaicc 
on tlie c|yality of the fat producta! by any of thi!He prot:f*sst:s. 
The defects in tlie use cd carbon tetrachloride (p. dij h#i%‘e 
already been iKite-d. Benzine or beii/.olincMtr {aArtileiiin spirit 
is the solvent almost tinivtrrsaliy ustal befsatise it is cheap, 
although its iiiflamniabilify is a ip'eat bar to its employment. 
Some samples an: of good fpiality ami I’vaporatf* away withotil 
leaving any residue- la-hind, but otlmrs c onfaiii a sirtall 
of a htsavy pelroltnim in! wliic;ii, a! tin* Irmperatuff-used in fhv 
extractor, ik 4 volatilise? aii<l is left iiehind in flu* fat, 

imparting to it an iiiiclesirablt: |«tr«iieiiiii odour, dliis difh 
culty call lx: iivoidec! by paying jiarlicMiIar rrfpird to the 
qualify of the bcii/.iiie tiscxl, or by stilfjecliiig file solvent to a 
preliminary disliilatiofi in the appafaliis itself and itqiatiiin 
any fMirtion which does not vfiLitilisi: at the liTiijxTviliire mil- 
pifiyed. 

The extractor iiiade by Kiigd iixtracTors, LtiL, is slitiwii 
in Fig. 34 . 

1 ht! Ffigel cxiriictor consists fif ihc bdlowiiig jiarls : - 

1. II11! exintclor. 

2. liisttller, 

3. Vafifiiir cfiiideiiser, 

4 . Scil%*ciil taiik. 

5. fVeheater, 
d. Sejaratof. 

7 , Vaciiiirn discharger. 

and I he inaniier of working h m ft il lows : 
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The material to be treated is charged into the filling hole 
A. Solvent is then run in from the solvent tank B, passing 



on its way through the preheater C, which raises it to the 
required temperature. 

Steam is then admitted to the heating coils in the base of 
the extractor, and the material is continuously agitated .until 
extraction is complete. The solution is then discharged 
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to the distiller D, where the solvent is evaporated off and goes 
to the condenser E, and from there through the vacuum dis¬ 
charger F and separator G to the solvent tank B, the extracted 
oil being pumped to the oil storage tank. The residue is dis¬ 
charged through door K. 

To economise heat, the volatilised solvent from the distiller 
can be returned to the meal through a bye-pass pipe J, and in 
cases where a battery of two, three, or more extractors are 
operated in series, the solvent charges are used consecutively 
in rotation for extraction, and a common preheater, still, con¬ 
denser, and generic equipment, is only necessary for the set of 
pots employed. 


Presses. 

Presses play a merely subordinate part in the recovery of 
animal fats and oils, whilst in the case of vegetable substances 
of this nature they form the chief mechanical appliances used. 
For animal fats they are employed in the following instances :— 

1. For expressing the residue from the fat-rendering pro¬ 
cess (greaves : see Greave presses); 

2. For pressing Hallow to separate it into its solid and 
liquid components; 

3. For pressing the blubber from marine animals. 

Greave presses are simple spindle presses, but for the other 

purposes mentioned, hydraulic presses are mostly used, and 
these will now be generally described. 

The hydraulic press is founded on the principle of the 
uniform transmission of pressure throughout liquids in closed 
vessels, and such presses consist of two separate parts—the 
press proper and the pump. The first is composed of a press 
plate terminating below in a piston (moving in the movable 
cylinder contained in the lower enclosed portion of the 
machine); a head plate; and (as a rule) four pillars connecting 
the press head with the base of the apparatus. In this latter 
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is also placed the connecting piece effecting a junction between 
the press cylinder and the pump cylinder. The pump is of 
the plunger type, with two cylinders of unequal diameter, the 
larger becoming automatically disconnected when the pressure 
attains about 20 in., the further pressure required being 
effected by the smaller cylinder alone. The minimum of 
pressure varies for each press, and the overstepping of the 
maximum pressure is prevented by the automatic action of a 
safety valve. The pressure produced by the pump is trans¬ 
mitted through the liquid—water, glycerine, or a mixture of 
both—and also through the connecting valve and the liquid 
in the press cylinder, and exerts on the piston of the latter a 
force per unit of space equivalent to the pressure per unit 
produced by the pump (small) piston. As soon as the desired 
pressure is attained the connecting valve is closed, so that the 
pressure in the press cylinder may not be influenced by any 
leakage in the pump. In order to reduce the pressure a second 
valve in the connecting gland is opened and the liquid returned 
to the pump chest without passing through the cylinder. In 
this manner the valve of the pump is preserved on the one 
hand, and on the other the same liquid is used over and over 
again, no renewal beyond the small amount wasted by leakage 
being required. 

Hydraulic presses of both vertical and horizontal form 
are employed, the former being, however, the kind mostly 
used in tallow-melting works. In those erhployed for pressing 
fat, a number of press plates of trough or box form are 
superimposed, so that the lower part of each engages in the 
upper part of the one next below and presses the material 
contained therein, the outflowing fat being conducted into a 
common channel. For warm pressing, the press plates are 
fitted with appliances for steam heating, swivel pipes per¬ 
mitting the introduction of steam at one side of the cast- or 
wrought-iron plates and the removal of the condensed water 
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on the other. Where several hydraulic presses are at work 
in the same room, they can be all fed from the same pump; 
but where they are in separate I'ooms, then working h}' ac¬ 
cumulators can be practised with great advantage. 

A hydraulic tub press is shown in front and side view and 
in section in Figs. 35 and 36. The press consists of the press 



Fici. 35. Fin. jf). 

Hydraulic tub preng. 

(Front view.) (Side view and hcctuni.) 

cylinder A and the piston B, situated between two pillars on 
which the troughs E slide by means of rings. These troughs 
carry a solid iron plate and are surrounded below b)- a 
channel d d for collecting the expressed fat. The bo.xi:s G, 
containing the fat to be treated, have double walls and are 
provided with a circular row of apertures at the. top of the 
inner wall. The boxes are filled with fat, which may Iiave 
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been previously cast in moulds of suitable size, and are then 
covered over with a horse-hair cloth. When the press is 
started the troughs E are pressed into boxes G, the liquid fat 
runs out of the openings below the upper rim of the latter 
and collects in the channels d. As soon as the operation is 
completed the pressure is removed, whereupon all the parts of 
the apparatus recede into the positions they occupy in the 
drawing. The boxes G are taken out on the table and re¬ 
placed by others ready filled with fat, so that the time the 
press is standing idle is reduced to a minimum. 

Among the new forms of hydraulic presses may be men¬ 
tioned those of Brinck & Hiibner, by reason of their several 
advantages, consisting of:— 

1. Quicker and simpler service with greater capacity; 

2. * Abolition of expensive press cloths ; 

3. Production of uniform cakes of fat; 

4. Great durability without attrition of expensive parts. 

The general construction is as follows: In the press are 

situated four, six, eight or ten wrought-iron or steel rings, 
one above another, and each fitted with a finely perforated 
steel bottom. Between each pair of rings is placed a cast- 
iron or cast-steel press plate, convex on the upper surface 
but fiat on the under face. On these plates, which are 
guided by the pillars of the press, rails are affixed for carry¬ 
ing the press rings, and on these the latter slide when being 
placed in, or removed from, the press; and, in addition, 
each press plate is provided with a large encircling channel 
to catch the expressed liquid fat. The presses are filled by 
simply laying over the perforated steel bottom of each ring a 
horse-hair, wool or felt cloth, covering this with the fat to be 
pressed, and the latter, again, with a second sirnilar cloth. 
When all the rings are full the pressure is turned on and 
the fluted upper face of each plate forces its way up into the 
ring next above, the liquid fat running out through the 




Fill. 37.'—Ilfincli & Uubmt** liyiiwiillc iiiif 


When the fat in causetl to flow uniformly from She miSirr 
surface of the cake it has only a thin liiycr to traverw'. arai 
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Fig. 38,— Brinck & Hlibner’s hydraulic box press. 

too heavy to be lifted out, so on this account the presses 
are fitted with two lateral frameworks and a double set of 
rings, and as soon as one set of rings containing the pressed 
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fat is drawn out on to the side frame to be emptied and 
refilled, the other (filled) set is pushed into position from the 
other side frame, so that the operation is simple and goes on 
without interruption. 



Fig. 39. —Manlove & Alliott’s cage Fig. 40. —Cage of Manlove & Alliott’s 

press system. press. 


By using suitable boxes in place of the rings the cakes 
can be made in square or trapezoid form of suitable size. 
All presses are provided with appliances for heating each part 
with steam or hot water, and, as each mould rests between 
two heated plates, the temperature is uniform, and results are 
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attained that no other s}'stcni of pressing can }*it. 
presses are constructed for pressures of 300 atinosp 
over, and the cylinders, pillars and nuts are of cast s 
The cage presses manufactured by Manlove, Alii 
Ltd., are suitable for the preparation of premicr»jus 
animal fats. 

These presses are constructed with a pressing* 
which the fat is j)laced cither in bulk, or separated 
j)Iates, and can be treated either hot or cold (Fig. 3c 
This pressing cage (Fig. 40) is constructed of b 
vertically, and supported by steel rings, the bars 
closely arranged as to prevent any escape of the 
under pressure, whilst allowing free exudation for tF 
The pressure is equalised through the entire m 
pressed, by applying top pressure either with top 
loose head, which is withdrawn when charging the 
cage. 

The pressing cage rises on to the loose head di 
side friction, but special provision is made whereby 
is firmly held whilst this friction is being overcome 
ling the pressed material • 

These presses can be made for either hot or cold 
and are obtainable in a variety of sizes, a maximuix 
of 3 tons per square inch on the material under press 
possible. 

The presses illustrated (Fig. 41) are for the proc 
stearine by the cold process. They consist of hydra 
with ram 12 in. diameter, working pressure 2 tons p 
inch Each press is fitted with two carriages wit 
rails, allowing for one carriage to be charged and ; 
position in the press, where it is raised by means of 
ram and placed under pressure whilst the other a 
being loaded in readiness for a further charge. 

Each carriage is fitted with guides and guide ba: 
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plates. These latter pass through the press head when the 
carriage is in position in the press and thus prevent the 
plates being moved out of position due to side pressure. 

When it is a question of pressing fat with heat, simple 
presses without boxes, rings or tubs are used. 
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Fig. 41.— Stearine press (Manlove, Alliott & Co.). 

The fat is packed in sacks and trimmed on the plate 
of the press, and when the loading is completed pressure 
is applied, whereupon the fat runs out and is caught in 
a suitable manner. The pressing of blubber is generally 
effected in very primitive presses worked by levers. Of 
course, a quantity of the product is lost, but Rose, Downs 
& Thomson of Hull have constructed a screw press for fish 














86 


ANIMAL FATS AND OILS. 


oil highly suitable for this purpose (Fig. 42), only moderate 
pressure being required. The shaft carrying the screw- 
spindle is fitted at either end with fast and loose driving 
pulleys, that on the end being driven by a straight and the 
other by a crossed belt, so that the plates of the press can 
be raised or lowered by steam power, and also, when neces¬ 
sary, stopped at once. The actual press is placed within a 



Fig. 42. —Fish oil screw press (Rose, Downs & Thompson). 

steam-jacketed chamber, the outer walls being of wrought- 
iron strong enough to withstand the pressure, whilst a door 
of similar construction and also heated by steam forms a secure 
and hermetical seal during the time the press is at work. 
The charge is packed in sacks which are laid between metal 
press plates. The press can also be constructed to work with 
hydraulic pressure, while for certain purposes the jacketing 
chamber is omitted. 
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FlI.TERIXfJ AdPARATDx 

The animal fats do not reqiiirc to be pot through -iich a 
complete system of porilicatioii as vegetabic prtjducts of the 
same class. In the lirst filace, the animal fats are generally 
solid and therefore have to be brought into the liipiid con- 
clitioi] before the}’ can be piiriliecl or ftltereti; on the othtT 
liand, they are mostly put to such technical uses, that they 
sustain a certain amount of alteration, egg, saponideatior. sm 



Fm, 43.—Filter press worked by power (Rose, Dow^^ k TIionison|. 


melting, which purifies them. The fats destined for alimental 
purposes are prepared by graduated or fractional pressing, 
then again they differ from the vegetable fats in that very little 
of the solid and extraneous matters escape through the press 
cloths, so that further purification is usually superfluous. 

As a matter of fact, it is only the liquid fats of the aniiiial 
kingdom, the fish oils, that are purified by filtration when re¬ 
quired for alimental or high class technical purposes. The 
reader is therefore referred for information on the subject of 
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with-ease; moreover, the press can be worked every day for 
a week at a time without requiring cleaning. It has thirty- 
six press plates, and as soon as the separate divisions have 



been fitted with the filter cloths and the screw tightened up 
the machine is ready for work. The material to be filtered 
can be fed direct and the filtrate removed by pumping. The 
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press is self-contained, contains no setting and can be easily 
fitted up, all that is required to make it ready for work being 
connection with a source of power, direct or through inter¬ 
mediate shafting. 

Figs. 44 and 45 are also types of presses suitable for the 
filtration of fish oils. 








CHAPTER IV. 


ANIMAL FATS AND OILS; RAW MATERIALS, PREPARATION, 
PROPERTIES AND USES. 

Edible Animal Fats. 

But few of the animal fats are used for edible purposes ; butter, 
lard and dripping almost exhaust the list. The most import¬ 
ant is 

Butter. 

Raw Material. —Cows’ milk, as being the most abundant 
of the secretions of all mammals. 

Preparation .—Milk contains a fat—butter—which is ag¬ 
glomerated when the milk is exposed to strong and continuous 
agitation. The phenomena have been explained by Soxhlet 
as.follows: The fat forms, along with the other constituents 
of the milk, a perfect emulsion of small spherules of very 
different sizes. In this condition the fat is endowed with the 
property of remaining liquid at temperatures whereat the 
butter obtained from the same would be solid. This peculiar¬ 
ity results from the surface tension proceeding from the ex¬ 
tremely thin layer of serum (also known as the serum envelope) 
lying within the sphere of attraction of the globules. In the 
same way as molten masses in general can be made to con¬ 
geal by vibration, so in the manufacture of butter a few drops 
are first made to solidify by mechanical concussion and these 
increase in size by contact with the liquid fat. The larger 
congealed particles of fat thus produced attach themselves by 
impact to others, and so, finally, the greater part of the fat 

( 91 ) 


92 


ANIMAL TATS AND OILS. 


becomes collected into small mulberry-like adherent masses 
separable from the other constituents of the milk by skimming. 
Therefore, in the process of butter-making, the fat globules, on 
the one hand, are congealed, and on the other, the solidified 
particles are united to form a coherent mass. 

In chemical composition milk is a highly complex sub¬ 
stance. The following constituents occur (though in quantities 
varying between certain limits) in all sound milk: casein, 
albumin, fat (butter), lactose (milk-sugar), salts and water. 
The proportions vary, even in one and the same animal, 
according to the mode of feeding, time of year, age of the in¬ 
dividual, etc., within certain limits, so that a universally applic¬ 
able analysis of milk cannot be given. The appended figures 
are, however, the mean of a large number of analyses:— 

Average 

Cow’s Milk. Percentage. Limits of Variation. 

Water.87*5 83*0-90*0 per cent. 

Solid (dry) matter . . . 12*5 10*0-17*0 „ 


Containing:— 


Fat (butter) 

. 3*4 o*8-8'0 


Casein .... 

. 3*2 2 *o- 4*5 

)} 

Albumin .... 

0*6 o*2-o*8 


Lacto-protein 

. 0*1 0*08-0*35 

>> 

Milk-sugar .... 

. 4*5 o*3-6*o 


Ash. 

• 0*7 o* 7 -o '9 

>> 

The following analyses show the composition of whole 

skim milk :— 




Whole Milk. Skim Milk. 

Fat. 

3*50 

0*46 

Casein and albumin . 

4*75 

3*37 

Milk-sugar (lactose) . 

4-17 

5*34 

Ash ..... 

. . . 0*70 

0*72 

Water .... 

. 86*88 

90*11 


100*00 

100*00 


The greatest care and cleanliness are essential in the pre¬ 
paration of butter, by reason of its extreme liability to absorb 
extraneous flavours and odours, the best fresh milk immediately 
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undergoing an unfavourable alteratkju uiuier the iniluetK-e of 
even very small quantities of fermented <}r sour milk, h'or 
this reason storage chambers for milk have to be selec ted with 
great care, and attention devoted to keeping thcui sc rupulously 
clean. 

Very widely divergent methods arc einploycsl for pro 
paring butter from milk. In all the milk is divided into two 
pemtions;— 

1. A cream very rich in fat, this being taken for churning ; 
whilst 

2. The second portion ({xcor in fat}, the skimmed, blue 
thin milk, is put to aiiothcrr use;. 

In separating the cream from the milk thrctc; different 
methods arc practi.sed ; 

1. I he milk is left to itsc.-lf .is a Layer, some .( in. cieep, in 
.shallow pans -'shallow setting, utitil the: cream I'cdleet.s as a 
consistent mass on the surface. 

2. The milk is set in high ve.Hsels, I ft.20 in. in height 
klecf) setting, or .Schwartz process;, ami kept at a temperature; 
of 2'-4'' C. 

3. The milk is s«.:paratefi almost instaiitaneeni.sly in H{)cda! 
centrifugal .machines (milk .separators) ijitej separated tnilk 
and cream. 

The fir.st method i.s the oldest, and is still (iractised in 
many dairies. The ves.sels employed are either of wood, well- 
nreci stoneware, enamelleri cast-iron or pr«;ssefl tinplate. 
When the cream has finisheei rising it is skimmed itff with 
a flat .sjtoon or separated from the skim tnilk by tneans of 
.special appliances. In small dairie,s basins are often nseei 
from which the .skim milk can be jKJurcd away direct, the 
cream being retained by a cream catcher. When kept for 
some time, or when the cream is a long while in rising, the 
products—skim milk and cream—-arrive at the initial stiiges 
of aci<i fermentation. 
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With regard to No. 2, this method presents the advantages 
of keeping the products sweet, requiring fewer vessels, oc¬ 
cupying less room, and being independent of the state of the 
weather. On the other hand, the cream is thinner and more 
bulky ; consequently the yield of butter milk is increased. 

No. 3. In the process of “ separating'' milk, the liquid, en¬ 
closed in a rapidly revolving drum, is, by the action of centri¬ 
fugal force, affected in such a manner that the specifically 



heavier milk is impelled against the outer walls, whilst the 
specifically lighter cream is forced upwards and towards the 
centre. This process enables the work to be carried on un¬ 
interruptedly, producing a constant flow of sweet cream 
and “ separated " milk. Among the various types of cream 
separators that of De Laval (Fig. 46) has proved the best in 
practice. In this apparatus the fresh milk is run in continu¬ 
ously, whilst the cream and the skim milk leave the machine 
by two separate outlets, these products being obtained in such 
a condition that the cream may be either sold as a luxury 
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of diet or worked up into butter, whilst tlu! n!Hidu;iI inill, 
makes an excellent cheap food, I'he serparahu* (‘oiim’sE, of an 
oval hollow vessel A 47} cd* best lk.ssenic!r «-ast-sli-fk and 
holding about 1.1 galls,, which is encased in a rasf droii lioul 
and rests on the spindkr K. 11ns latter stand-^ Icnisr!)* in a 
wood block !)caring in a depression in the pivot //, lUnl li 
driven by the small band pulley am! intcrmedialc gmir at sin h 
a rate that it makes (hkjo revolutions a niiinitc!, carrying llte 
spindle and the receiver with it. llie central supply pipe #1, 
with two lateral deliviiry tubes, is statnved in tln^ bottiani of A, 
and over this is .slif)pe<l tin? tubr/'leavnig an aiiiitilar spaca! of 
about d.| in.,, the lower end of whieh is fastc*nc,*d (o a ring 
which forms the !)ottoni f»f tfie small t liainlHU’1 ; and t»ver / 
again is placeil thet tulam/. wlnl !i crKpaials brlf»w iiitn a i tip 
shaped ctA'er fonniiig the upper paif cd thf^ tiiambm 
whole! Inliig joincri to A In' foiir ss.rews. btotii thr bMiiMin i.f 
f projects the bent open tube A rtatc Iiing to the iiiiiei pf-iiplu’i \ 
of A. If iRiw the milk be adiidUed tliroiigli ts into ilif’ rf 
eeiver, whicli is riiiiiiiiig at fii!! speed, it is ioreio! with gieai 
power against the ivalk, the liiitf* rei-jtiirei! to fil! A siiffiring 
for the Hcparatkai <if the milk into its coiisiiliiijiiis, of iiidifi 
the specificaliy hghlLT cream ioillixdsniroiiiid tliccritlnil siijiply 
pipe and is driven tipwanh m the supply pma-eds into fiie 
narrow annular space belweeii d aiif! / and to the cliaiiiber 
whence it rum away tlirfnigh.a pipm llie thtn iriilk rhm tip 
through // iiiPi the small clianiber r aiat llieiif:e liiroiigli ||ir 
()pening betiveeii//aiid/iiito the cliaiiilMrr if, whence it iilsu 
escapes through a discharge pi|Mj, 

Ihe llechlolHhdin Alpha” separator, clriveii liy f.iowcr, 
will treat up to 4fifi of milk per hour, teaviiig ofily 

al>oiit 0*2 to 0*3 fWceiiL of fat in the serparated itiilk ; snialirr 
machines are also made for hand driidfig, to sefutratf! 13 lo IfO 
galls, jjcr hour. 

In Fesca's centrifugal machitic (Fig, 48^ the <,|«'r,itioit is 
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discontinuous. The milk enters through the funnel a into a 
roomy cylinder A running at high speed, whereby the cream 
is forced, in the direction indicated by the arrow, towards the 
centre, where it is retained by the cylinder whilst the thin 
milk runs away from the periphery of A through openings in 
the bottom, and, entering the jacket space B, is run off through 
the pipe C. At the end of about an hour the liquid escaping 
from C is not merely thin milk, but milk that is only slightly 



Fig. 48,—Fesca’s centrifuge. 


separated, owing to the chamber.^ being full of cream. When 
this is observed the driving belt c is slipped on to the loose 
pulley and the drum is allowed to empty itself. As the centri¬ 
fugal force decreases the cream runs out into the jacket space 
and is caught in a separate vessel at C. When it is all out 
the operation can be recommenced. 

The separation of the cream is effected more readily at 
somewhat higher temperatures than it is in the cold, so that it 
is advisable either to put the milk through directly it comes 
from the cow or else to warm it up to blood heat. On the 
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other hand, the keeping qualities of the butter improve in 
proportion as the milk after milking, or the cream after sepa¬ 
rating, is brought down to the desired low temperature, for 
which purpose special coolers are used, consisting of a cooling 
chamber for the liquid, surrounded by one or two series of 
tubes through which cold water is continuously flowing, the 
product being drawn off after a certain time into a vessel 
beneath. 

As we have already seen, sweet or sour cream is obtained 
as the raw material for butter-making, according to the system 
pursued. No difference is observed in the yield of butter 
whether the cream be sweet or sour, but there is a distinct 
difference in flavour, sweet cream yielding a sweet, nutty- 
flavoured butter, whilst that from sour cream has a sour and 
(when the cream has been kept long) even a rancid taste. The 
temperature of the cream for butter-making should be about 
I5°C. in summer and 20° C. in winter. The principle of the 
process has already been discussed. It is necessary to subject 
the cream to powerful and uniform agitation, the regulation of 
which constitutes a very important part of the process. For 
this purpose a large number of appliances have been devised,, 
but it is impossible to refer to them all. 

The types of construction may be divided into classes, 
according to their action, i.e .:— 

L Beating (dashing), 

2. Stirring, 

3. Shaking. 

As to which form of apparatus is the best the opinions of 
butter-makers widely diverge. So far as the constitution of 
the butter itself is concerned, it is immaterial which method is 
adopted, the only conditions to be fulfilled being that of form¬ 
ing the butter in the shortest possible time and in the highest 
degree of purity. 

Among the appliances may be mentioned : The percussion 

7 


Lefelclt’s rotary barrel chiirti; Davis’ r()ckin<^- chum ; the rolU*r 
churn; the Holstein barrel churn, ctc.^ Aiiioni;' tho.se suitabh* 
for work on a lar^c scale Rennes’butter machine 'Mg*. 40) 
should be mentioned: this belongs to the type of percussion 
and dasher churns. 

The milk is placed in a box J so arranged that there is no 



Fio, 49.—Kennes’ Initlcr ttiaclilae. 


difficulty in running in the cream and removing the butter, 
both being effected through the flap door K. The buttermilk 
is drawn off through an opening at the bottom of the vessel, 
generally kept closed by means of a ball valve. The beating 
of the milk is accomplished by a pair of dashers F P alternately 
raised and lowered by* eccentric gearing. A disc A with 
grooved rim rotates on a fixed axis and carries the twcj ropes 
c r, which are also connected with the rods T T attached to 


^ Translator's There are many makeri of theiie different Ktyles of 

chums, those above being evidently intended by the author as typical examples. 
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the dashers P P. A also carries an iro^, ifitivC^onnected 
the fly-wheel G at F by a rod E, the pih-,:F 
same time the crank of the fly-wheel. The distaiM:^.£'OJ3a=*thiS 
centre of the guide disc to the point of attachment of the con¬ 
necting rod with the iron arm being greater than the radius of 
F, A can therefore merely rotate through an arc the radius of 
which is double that of F, while F makes a complete turn. 
The arm is rigidly attached to the disc and therefore the latter 
can only make an alternating semicircular movement, during 
which the points at which the ropes ^ ^ are attached have a 
similar motion, /.<?., a semicircle, whereby the attached rods 
T T are caused to rise and fall alternately. These rods move 
vertically through suitable apertures in the cover of the box 
J, and since the ropes are placed exactly opposite one an¬ 
other the one rod T begins to rise at the same instant that the 
other rod commences its descent. A perforated partition N 
is placed between the dashers P P, and, finally, the cream 
chamber J is surrounded by a vat O which can be filled with 
hot or cold water as desired. 

BrochardPs butter machine (Fig. 50) belongs to the class 
wherein the separation of the butter is effected by the stirring 
produced by the vertical rotation of a shaft 'This machine 
consists of driving gear K, which, by means of wheels I and 
J, sets a shaft B in rapid motion. B carries a series of vertical 
dashers and also a tube d connected with a toothed wheel H, 
which in turn is in connection with the wheel 1. At the lower 
end of the tube d are fixed a number of horizontal rods P\ 
forming the spokes of a wheel, while a similar wheel is situated 
below, being connected with the upper one by the vertical 
dashers G, The shaft c, which is attached to the box of the 
lower wheel, is supported in a bearing in the bottom of the 
churn. There are thus in the machine two systems of dashers 
(G, C), both of them movable, though in opposite directions. 
This opposite motion, produced by the force acting on the two 
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cone wheels H and I from the wheel J, causes, as can readily 
be understood, a very brisk movement of the cream in the churn, 
quickly effecting the separation of the butter. 

The proposals which have been made for admitting air, or 
for adding acids or alkalis to the cream in the butter-making, 
in order to facilitate the rapid separation of the fat, have 
proved unsuitable. 

The butter produced by one or other of these mechanical 



Fig. 50.—Brochardt’s butter machine. 


processes contains a large proportion (16 to 22 per cent) of 
enclosed buttermilk, which causes the butter to quickly be¬ 
come rancid, unless thoroughly expressed. This buttermilk 
contains both milk-sugar and casein in solution, when sweet 
cream has been used, or, when the cream is sour, solid casein, 
in addition to dissolved lactic acid. All these substances are 
readily decomposable, the milk-sugar being converted into 
lactic acid by the lactic ferments present, and then causing the 
casein to curdle. On this account the cavities in butter pre- 
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pared from sweet cream and not further purified very soon 
exhibit small lumps of curd together with a liquid tasting 
strongly of lactic acid. 

After a short time, particularly in summer, the lactic acid 
is further converted into the evil-smelling butyric acid, whereby 
the butter assumes a repellent taste and smell. When the 
butter has been made from sour cream, then lactic acid will 
be present ready-formed in the butter, and the decomposition 
of this acid into butyric acid will occur much sooner than in 
the case of sweet-cream butter. The decomposition, once set 
up, extends also to the fat, the butter very soon assuming a 
disagreeable, irritating taste and cheesy smell, which render it 
unfit either for eating or cooking purposes. Butter which 
has undergone such alteration can be again rendered suitable 
for cooking only by a carefully performed re-melting. 

It is, therefore, essential that the buttermilk should be re¬ 
moved in order that the butter may keep and taste well, and 
the more completely this is effected the more successfully will 
such object be attained. As demonstrated by experiments 
(particularly on a small scale) wherein the butter was care¬ 
fully freed from the adherent buttermilk, really pure butter 
prepared in this way is surprisingly stable, when it is kept 
at a temperature not exceeding 15°-!6° C., the pure fat being 
then much less liable to decompose than when buttermilk is 
present In order to remove the latter the butter must be 
carefully washed with cold water, care being taken at the 
same time that the butter is in as finely divided a condition 
as possible, and that all the particles thereof are brought into 
contact with the water which is continually removed. 

Working the butter by hand is impracticable in large 
dairies, therefore special machines have been made in which 
the butter is worked, either between grooved rollers or on a 
table, by a kneading roller, driven by hand or power. As a 
rule, eight or ten kneadings are sufficient to force out all the 
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buttermilk, after which the butter is made up into the form in 
which it is to be sold. 

In winter time, when the cows are fed largely on hay and 
root crops, the butter is very pale in colour ; it is usually the 
practice to remedy this by using butter colouring. At present 
general use is made for this purpose of annatto butter yellow 
or, in small dairies, even carrot juice, the butter being either 
mixed or kneaded up with the colouring matter or the latter 
is added to the cream before churning, the latter plan resulting 
in a more uniform distribution of the colour. 

Properties of Butter .—The colour of butter varies consider¬ 
ably, ranging from a very pale cream to a fine deep yellow, 
winter butter being generally the palest, whilst summer butter 
is more highly coloured, this characteristic greatly depending 
on the composition of the fodder. The consistency is to an 
uncommon degree influenced by the prevalent atmospheric 
temperature, the same butter being fluid in summer and hard 
and solid in winter. ' Taste and odour should be agreeable 
and purely buttfer-like. 

Unmelted unsalted butter contains under normal conditions, 
according to Konig:— 

Fat 
Casein 
Milk-sugar 
Salts . 

Water 

The composition, however, varies considerably, in that on 
the one hand the fat may amount to 90 per cent, whilst on 
the other the water may form as much as 3 5 per cent 

In consequence of its content of water and casein, butter 
quickly turns rancid. Attempts are often made to combat 
this rancidity by kneading the butter with 3 or 4 per cent of 
common salt after thorough washing. According to Benedikt 
the same result may be better attained by keeping the butter • 


87-0 per cent. 
0-6 
0*5 
0*3 
117 
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in a melted condition until it has thoroughly clarified and tliou 
separating it from the precipitated water and casein. 
fat treated in this way is, however, no longer saleable 
butter, as it lacks the characteristic appearance and flavoui' 
this article. 

Apart from traces of colouring matter, lecithin, cholestci in, 
etc., pure butter fat consists solely of the tri-glycerides of the 
fatty acids. Up to the present, acetic, butyric, caproic, cap- 
rylic, capric, laufic, myristic, palmitic, stearic, arachic a.ncl 
oleic acids have been isolated therefrom. An unusually 
percentage of glycerides of the volatile fatty acids is specially 
characteristic of butter, but the bulk is composed of palmitiii, 
a little stearin (classed both together as margarin) and oleiti. 

The composition of butter is :— 


{According' to Schacdler). 


Margarin ...... 

. 66 per cent. 

Olein ....... 


Butyrin ....... 

ft 

{According to Winter-Blyth). 


Stearin and palmitin ..... 

. 50*0 per cent. 

Olein. 

. 42*2 

Butyrin . . . 

. 7*7 H 

Caprin, caprylin . 

. o-r „ 

It may be calculated approximately as 

follows 

When the Hehner number of a butter is found to be ^ 7*5 
and the average molecular weight of the in.soluble fatty acids 

270, then the sample contains 91*93 per 

cent, of glycerides 


of the non-volatile fatty acids—olein, palmitin and stearin. 

If the iodine number be 30T, the iodine value of olein 
being 86-20, it follows that the olein content is 34*92 per 
cent.; therefore such a butter—the glycerides of the volatile 
fatty acids being calculated by difference—contains— 

Palmitin and stearin.57-01 per cent. 

Olein. 

Butyrin, caproin, etc, . . . . . .8*07 ,, 


100*00 per cent. 
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An indication of the nature of the volatile fatty acids is 
afforded by the Reichert number. According to Meissl, the 
fatty acids distilled from 5 grms. of butter require, on an 
average, 28*48 c.c. of y^-normal alkali for their saturation; 
consequently, the fatty acids from 100 grms. of butter re¬ 
quire 56*96 c.c. of x-normal alkali or 3*19 per cent KHO. 
This corresponds to 0*778 parts of glycerine radicle (C3H5), 
which, deducted from 8*07, leaves 7*29 parts as the volatile 
fatty acids obtainable from 100 parts of butter. Therefore, 
7*29 parts of volatile fatty acids, require 56*96 c.c. of normal 
alkali for their saturation, and consequently their average 
molecular weight is about 125. The molecular weight of 
butyric acid is, however, 88, that of caproic acid is 116, of 
caprylic acid 144, and of capric acid* 172. Consequently, 
Winter-Blyth’s statement that butter fat contains 7*7 per cent, 
of butyrin and only 0*1 per cent, of glycerides of other volatile 
fatty acids requires correction, the percentage of caproin, 
caprylin and caprin being much too low. 

These calculations must not, however, be taken as absolute, 
seeing that the mean molecular weights of the volatile fatty 
acids obtained by the Reichert-MeissI process vary very 
considerably, Juckenack and Pasternack finding values varying 
between 95*1 and 98*3, Arnold found 98, and Siegfeld, 98*4- 
103. These figures would indicate a much larger proportion 
of butyric acid than that derived from the above calculation. 

Violette calculates from analyses the composition of high- 
class butter fats to be as follows :— 

Butyrin.6*09-6*94 per cent. 

Caproin.3*70-4*06 „ 

Glycerides of solid volatile acids . . . 2*96-3*22 „ 

Glycerides of non-volatile acids (palmitin, 
olein, stearin).85*98-86*62 „ 

The constants of butter fat vary within somewhat wide 
limits as given below:— 
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Constants of Butter Fat. 


Specific gravity at 15° C. 

0*936-0*940 

» n „ 100° F. 

0*911-0*913 

Melting-point ....... 

28 °- 34 ° 

Saponification value. 

209*3-233*4 

Iodine value. 

26*0-50*3 

Reichert value ... .... 

12*5-15*2 

Reichert-Meissl value ...... 

20*63-33*2 

Refractive index at 25° C. 

1*4590-1*4620 

Hehner value. 

86*45-89*8 

Constants of Fatty Acids of Btitter. 

Specific gravity at C. . 

*9075-*91357 

Melting-point ....... 

38 °- 45 ° 

Solidifying point. 

• 33 °- 38 ° 

Neutralization value ...... 

210-220 

Iodine value ....... 

28-31 

Refractive index ...... 

• 1 * 437 - 1*439 


As revealed by the microscope, fresh cow’s butter con¬ 
sists of perfectly spherical transparent fat globules. Hassall 
found crystals in older butter, these being, according to Mylius, 
best detected when the fat is examined under the polariser 
with crossed Nicol prisms, the crystals alone being then 
illuminated, whilst the rest of the field is in darkness. On 
using also a selenite plate the crystals give a beautiful play 
of colours. This method of examination serves to detect 
margarine or melted butter (see p. 123). 

On prolonged exposure to the air, butter assumes the 
smell of tallow and becomes white. The setting of butter 
after melting does not progress uniformly, but a kind of 
crystallisation occurs. The portions nearest to the walls of 
the vessel are the first to crystallise, and they differ in com¬ 
position from those remaining longer liquid in the interior of 
the mass. Sometimes this separation proceeds so far that 
an oil (“butter oil ”) and a solid fat or “stearin ” are obtained, 
which can also be separated by allowing the melted butter to 
set at 20'’ C. and then subjecting it to pressure. 
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Adulterations of Butter. 

The additions made to butter are of a very divergent 
nature. 

The coarser forms of adulteration consist of clay, chalk, 
gypsum, starch, meal, potato starch, ground white cheese, etc. 
Borax, water-glass and alum are sometimes added to preserve 
the butter and increase the weight by attracting the largest 
possible amount of water. 

To impart a yellow coloration, small quantities of annatto, 
saffron, curcuma, azo yellow, etc., are frequently added. 

The most important adulteration, however, is that of 
added extraneous fats, such as lard, tallow, goose fat, cotton 
stearin, coco-nut oil and palm-nut oil, and particularly 
oleomargarine. Though the addition of matters not be¬ 
longing to the fatty series can be easily determined both 
qualitatively and quantitatively, the detection of extrane¬ 
ous fatty matters in butter was long attended with great dif¬ 
ficulty, until suitable analytical methods were elaborated by 
Kotstorfer, Hehner and Reichert. Of these processes, how¬ 
ever, Reichert’s (or one of its modifications) alone still give.s 
reliable results, since, according to Moore, mixtures can be 
prepared from oleomargarine and coco-nut oil which give 
exactly the same Hehner and Kdtstorfer numbers as j)ure 
butter. By means of the specific gravity determination, the 
refractive index, and the Reichert-Meissl number the purity of 
a butter fat can be decided satisfactorily in every case, except 
when coco-nut or palm-nut oil have been added. In such 
cases the Polenska value is to be relied upon for giving a sure 
indication. 

Beef Lard or Re-Melted Butter. 

Butter, as is well known, easily turns rancid if not care¬ 
fully stored, and such butter is, therefore, for culinary pur— 
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poses frequently converted by a careful re-melting into “ beef 
lard When butter is carefully melted without addition over 
a fire, a froth, mainly consisting of unremoved casein, collects 
on the surface of the liquid ; but the solution of milk-sugar in 
water, present in the butter as a result of insufficient washing, 
is, however, not so easily removable, and remains in the 
butter. In practice it is generally considered sufficient to 
skim off the froth from the liquefied butter, so long as any 
forms, and to then fill the butter direct into wooden tubs, 
where it is left to set. 

When the melting is carelessly performed and the tem¬ 
perature allowed to rise too high, this results directly in the 
development in the liquefied butter of an irritating, un¬ 
pleasant taste, due to the formation of certain decomposition 
products. Therefore, as butter is an expensive product, it is 
advisable to proceed carefully in melting, so as to preserve 
the quality, the increased expenditure of labour being amply 
compensated for- by the improved results. 

The best plan is to place the butter to be treated in a 
shallow vessel of thin, well-tinned sheet-iron, this being set 
in another which is filled with water, and to which heat can 
be applied. Butter being, like all fats, a bad conductor of 
heat, melting would take a long time unless facilitated by 
stirring. So long as .any of the butter remains unmelted 
the water in the outer vessel may be kept on the boil, but as 
soon as the whole is liquefied the temperature is lowered until 
the butter is just fluid, and in this state it is left to repose for 
several hours without stirring. 

Whilst in this condition of repose the particles of casein 
rise to the surface completely, while the aqueous liquid ad¬ 
mixed with the butter subsides to the bottom, leaving the 
butter clear and transparent. Skimming is now practised, 
the most suitable method being to remove the uppermost 
layer by a skimming spoon and pour it on to a cloth of close 
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texture spread upon a hair sie\^e, through which the fat passes, 
leaving behind the particles of casein. Only when the surface 
of the butter has been cleared of every particle of froth is the 
removal of the fat proceeded with, and is then continued until 
only about one inch depth of fat is left in the vessel, the 
residual portion being allowed to solidify, in which condition 
it can readily be separated from the underlying layer of water. 

The product (‘'beef lard"') thus obtained is a perfectly 
pure butter fat, without the slighest trace of rancid or em- 
pyreumatic flavour, and it is much better to prepare butter 
for cooking purposes in this way than to run the risk of its 
becoming rancid. 

A small sample of the “beef lard'' taken from the setting 
vessel should be of a pure yellow colour and very translucent, 
a condition which can be attained by allowing the butter to 
cool only very slowly, z>., at a suitable and gradually de¬ 
creasing temperature, so that the fat can crystallise uniformly. 
Usually the colour of the product is somewhat duller than 
that of the original butter. 

Testing- Butter. 

The following methods for the testing of butter fat may be 
adopted :— 

Specijflc Gravity of the Fat ,—Bell determines this constant 
at 37*8° C. (=== lOO'' F.), at which temperature the sp. gr. of 
butter is d'pii toO'913, and that of oleomargarine and other 
fats 0*9028 to 0*9046. 

Kdnig performs the estimation at 100° C. and finds for 
pure butter 0*866 to d'868, or for adulterated samples 0*859 
to 0*865. 

According to Adolf Mayer, who works with the ordinary 
areometer, at 100° C. (or, more correctly, at the temperature 
of boiling water), and thereby obtains figures of merely re¬ 
lative, not absolute, value, the state of the barometer must 
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be taken into account, since a difference of 2 mm. in the 
barometer reading causes the sp. gr. to vary by 0*0001, so 
that the frequently occurring differences of 40 mm. of pressure 
will cause a discrepancy of o*oo2, whilst the total difference 
in sp. gr. between natural and artificial butters amounts to 
only 0*007. 

Casamajor employs the Hager method. The fat is melted 
in a spoon and one drop is introduced into 56*5 per cent, 
alcohol, the sp. gr. of which is exactly midway between butter 
(0*926 corresponding to 53*7 per cent, alcohol) and oleomar¬ 
garine (0*915 = 59*2 per cent, alcohol) at 15° C. Should an 
air bubble adhere to the drop of fat it is detached by the 
aid of blotting paper. If the drop does not sink a slight con¬ 
cussion will cause it to do so if heavier than the liquid. Butter 
sinks to the bottom, whilst oleomargarine floats. If a drop of 
the melted sample be poured on to the spirit, warmed to 30“ C., 
it will set, if butter, whereas oleomargarine remains liquid, 
although both float. On reducing the temperature to 15' C. 
the latter fat solidifies as well, and butter sinks. A ‘'butter’" 
that will not sink in 55 per cent, alcohol is oleomargarine with 
at most a third of cow’s butter. 

According to Moore, adulteration of butter by a mixture 
of oleomargarine and coco-nut oil cannot be detected by this 
means, since the sp. gr. of the coco-nut oil (0*9167 at 37*7° C.) 
is high enough to raise the sp. gr. of the mixture to that of 
butter (0*911 at 37*7° C). 

Emulsijiability ^—According to Adolf Mayer, butter ex¬ 
hibits a greater capacity for forming emulsions than any of 
the fats employed to adulterate it, because the latter have 
been melted in the purifying process. He therefore sought 
to establish on this basis a simple method of testing, which, 
however, cannot be regarded as perfectly reliable. 

Solubility .—The following tests for butter are based on 
the different solubilities of butter and its adulterant fats 
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Hoorn dissolves i grm. of the sample in 7 c.c. of petroleum 
spirit and leaves the solution to stand a few hours in tightl%' 
closed vessels at I0°-IS° C. Butter fat remains dissolved, 
whilst veal fat, tallow and hog’s lard separate out. 

Munzel dissolves i grm. of the fat in 12-5 grms.^ of ab¬ 
solute alcohol (sp. gr., 0797) on the water bath, closing the 
tube with a cork pierced to allow the passage of a thermo¬ 
meter, which reaches down to the bottom of the tube. The 
latter is then removed from the water bath, dried rapidly 
and the temperature at which the fat begins to set noted. 
Munzel obtained the following results :— 


CoMMencemcfit of Solidification. 


Pure butter 


„ + 10 per 

cent, of horse fat 

20 „ 

>» jj >» 

„ » 30 „ 

” 


,, tallow 

,, }» 20 ,, 


)) J» 3 *^ >5 

JJ j» 

„ n 10 „ 

„ hog lard 

„ „ 20 „ 

JJ j> 

n 30 j) 

»j JJ 

Margarine butter 

. 


Butter -1- 25 per cent, of oleomargarine 
}» >1 5 ® J’ 


34*^ C. 
37° 

40® „ 

44° r, 

40° 
43'' 1 , 
46" „ 
38° „ 
41 ^^ . 
43° 
56° 

4 f>° »» 
48^' „ 


Horsley, Balland, Husson and Filsinger have made use 
of the varying solubility of pure and adulterated butter in 
ether or ethyl alcohol as a test of purity. Crook employed 
carbolic acid as solvent, and his results were confirmed by 
Lenz, with only a slight divergence in the values. Ten grains 
(0*648 grm.) of the filtered fat are dissolved in a gauged 
testing cylinder at about 66° C., shaken up with i '5 c.c. of 
liquid carbolic acid (containing 373 grms. of crystallised car¬ 
bolic acid and 56*7 grms. of water) and warmed on the water 
bath until transparent After standing a while at ordinary 
emperature, one has either a clear solution (butter) or two 
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strata separated hy a clear line of demarcation (beef, inuttoiL 
hog fat). The volume of the lower stratum amounts to 


. Beef fat 
Mutton fat 
Hog fat 


Crook- 

49'7 per cent. 

44*0 

49-6 


Lanz. 

— per cent. 
39‘r 
37*0 



After sufficient cooling, more or less deposit is apparent 
in the upper layer. With 5 per cent of hog fat Leiiz could 
no longer detect any separation into two layers, but at the 
end of twenty-four hours a crystalline turbidity, differing 
from that observed in true butter, made its appearance. 

More recently Zeiss’ butyro-refractometer has been largely 
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used for butter testing, adulterations being rapidly detectable 
therewith. This instrument, supplied by C. Zeiss of Jena, 
is shown in Fig. 51. A and B are the hot-water jackets 
surrounding the two prisms and facilitating the testing of 
the fats at temperatures above their melting-points. C is a 
hinge on which B turns, D the water feed pipe and E the 
outflow pipe. The bayonet catch for the hot-water jacket is 
at F, and G is a pin serving to adjust the object; H serves 
as a support for A and B, and J is the reflector. 

This instrument is based on the principle that the re¬ 
fractive powers of the fatty acids afford a means of deter¬ 
mining their purity. It consists chiefly of a pair of prisms 
enclosed in a jacketed metal case, which, by the aid of a 
current of water, enables the substance enclosed between 
the two prisms to be kept at a constant temperature. Above 
the prisms is mounted a telescope with a scale, on which 
the position of the critical line of the substance between 
the prisms can be read off direct. According to the position 
and colour of the critical line—red in pure butter, otherwise 
blue—it can at once be determined, by the aid of the reduc¬ 
tion tables supplied with the instrument, whether the butter 
is natural or artifical. With a little practice, twenty to thirty 
examinations can be made in the hour. 

The relation between the scale index and refractive index 
is given in the following table :— 


Scale Division. 

Refractive Index. 

0 

1*4220 

10 

I '4300 

20 

1*4377 

30 

1*4452 

40 

1*4524 

50 

1*4593 

60 

1-4659 

70 

1-4723 

80 

1-4783 

90 

1*4840 

100 

I'4895 
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Genuine butters have been found to vary from 37‘5° to 
44°, the average being 407 at 40°. 

At a temperature of 40'' C. margarine has an average 
figure of 42°, coco-nut oil of 34°, palm-nut oil 36*5°, and cotton¬ 
seed oil of 58°. 

Wollny obtained the following values for natural butter, 
margarine and mixed butter,, expressed in degrees of the 
scale at 25° C. :— 

Natural butter. 49-5-54-0 degrees. 

Margarine . . ^. 58*5-66-o ,, 

Mixed butter.54’0-64*8 „ 

Butter with a refractometer index of 54*0 at 25° C. is al¬ 
ways an object of suspicion, and should be subjected to further 
examination. 

It is simpler, however, to use the ordinary Zeiss refracto¬ 
meter which is exactly like the one already described, only 
graduated in refractive indices. With this in.strument the 
following figures may be taken as usual:— 

Refractive Indices 
, at 40° C. 

Butter fat.1*4506-1'4551 

Margarine ! 1*4473-1-4494 

Coco-nut oil.. I •4473-1*4497 

Palm-nut oil.i*4499 

Beef fat.i*455i-x*4588 

Cotton-seed oil.1*4646 

The complete analysis of butter "is performed as follows :— 

I. Estimation of Water, —5 to 10 grms. of butter are 
weighed out into a covered beaker and melted in the air 
oven. When the fat is clear it is filtered (still in the oven) 
through a tared filter into a tared flask, care being taken to 
pour through the filter as much of the fat and as little of the 
underlying water as possible. The aqueous residue is then 
evaporated in the beaker at loo*^ C, and the whole of the 
remaining substance is placed in the desiccator and weighed, 
dried, cooled and re-weighed until the weight is constant or 

8 











A\l,\l \I, I A I N Wli f H! s. 


f f I 

v;irit‘S by not nu»n: lli;ui l inyriii. llio in n.-,11-* 

laincd In'the: fat —the ua.-iylit ui the hoaio'i bt‘iiin liioun ai 
lli(! outset-.I'jve-* the aiiioiuit of water tlioreiii 

'Flu* averag'L* amount of watcu’ in biiftor raii‘'r-s fmiii 1 : to 
15 per (Ariit. ; !>utttrrs with a wati:!' rfiiiU:iil as low as o liai'o 
been met with, while the niaximiim aiiicuiii! has bi*rii ao par 
c:ent. Salt butters, especially those mixiai with briiir, 
ally eoiitain iK pea* (•<!»!. of water. Uf late, buttc'fs Ifleiulcrl 
with milk liave l)ee!i sukh these as iiiiifh as ae lt» 

23 per cent, of water, llie Itypil slaiifiani ttf w;itv.r in biiltrr 
is however lb per ccriit 

2. /ss/ima/MZ nf Pai, —llic reHidiic in ilie beaker is loosciirf! 
as cc^mpletely as possible from the bottcitii by iiitaiis of it 

rod and washed with water-free ether mi to the filler, tvliich liiis 
been placed in a funnel in the mouth of the flask lioldiiig the 
bulk of the fat, the beaker and rod being rinsed and the 
filter and contents washed with ether until a lest clro|i on a 
watch glass shows that all the fat is reiriovecL l‘hc ether is 
then distilled off and the fat dried in the air oven at icicf 
cooled in a desiccator and weighed when cold, the o{ienificiiis 
being continued until the weight is constant The amcjiiiil of 
fat ranges from 82*5 to H6*5 per cent. 

3 . Deierminaiim a/ /Ir//.--—The residue €:c4ka:terl on the 
filter and the filter itself are carbonised in a platifniin criiciblt? 
at a moderate heat and, after extracting several times with 
distilled water and filtering, calcined thoroughly. The filtrate 
is then poured by degrees into the ash in the cooled crucible 
and the whole dried in the water bath, incinerated with the 
used filter in the (covered) crucible, cooled and weighed, the 
weight of the two filters being deducted frcjin the result. In 
the case of mlted butter, the total amount of the fiiirieral salts 
less the amount of ash in genuine butter is approximately the 
amount of salt present. As, however, flutter generally coii« 
tains no more than crio per cent of ash, the percentage of 
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chlorine can only be very small, and the amount pf salt used 
can therefore be very approximately determined from the 
chlorine in the ash. The presence of preservatives like borax 
or boracic acid will increase the amount of ash. 

To determine the amount of salt the residue or ash of the 
butter is treated with hot water and the solution filtered. 
This solution is now titrated with standard silver nitrate using 
potassium chromate as the indicator. The silver nitrate should 
be such that I c.c. == 0*005 grm. of sodium chloride, standard¬ 
ised against a solution of pure sodium chloride. 

4. Estimation of Protein. —Eighty to 100 grms. of butter 
are weighed out and the fat separated completely—after 
evaporating the water—from the other constituents in the 
manner already described in the estimation of moisture and 
fat, the residue, carefully collected on the filter, being used for 
the determination of nitrogen by the Kjeldahl process; the 
result multiplied by 6*25 gives the percentage of protein. 
Bearing in mind, however, that it is doubtful, especially in the 
case of old butter and that from sour cream, whether all the 
nitrogenous bodies belong to the albuminoid group, a little 
uncertainty probably attaches to the figures given for protein. 

5. Estimation of the Soluble Non-Nitrogenous Matter {miSk- 
sugar, lactic acid, etc.).—The percentage content of water, fat, 
ash constituents and protein having been precisely determined 
by two satisfactory and concordant analyses, then the figures 
thus obtained are added together and the total deducted from 
100, the remainder being regarded as expressing the percentage 
of non-nitrogenous organic matter. According to observations 
made in the Kaaden Laboratory, attempts to estimate this 
group directly do not generally attain the desired object, since 
in the washing of the fat-free residue more or less of the 
nitrogenous matter passes into solution. The figures ascer¬ 
tained for non-nitrogenous organic matter by difference are 
also affected by the uncertainty attendant on those for protein. 
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E^^aminaiiofi of the Butter Fat .—For the following tests^ 
the pure dry filtered fat is employed. 

6. Reuhert-Msissl V test is described on page 
298. Treated in the manner described and working on 5 
grms. of butter fat, genuine butters require from 25 to 27 c.c. 
of decinormal caustic soda. Any samples requiring less than 
25 C.C. should be regarded with suspicion, although cases are 
not unknown where genuine butters have used as little as 20 
C.C. In such cases other evidence of the genuineness of the 
butter must be sought for. On the other hand butters re¬ 
quiring as much as 33 c.c. of the alkali have been recorded. 
Most other fats give Reichert-Meissl values of from 0*5 to 07 
c.c. but coco-nut fat and palm-nut fats are exceptions, the 
former requiring 67 to 8*4 c.c and the latter 5 to 6 c.c. 

It may be pointed out, however, that it is possible to 
scientifically adulterate butter by .taking one which is known 
to have a high Reichert-Meissl figure and adding to it just 
sufficient margarine to bring it to the lower limit but no more. 

Polenska Value. —By means of the Hehner and Reichert- 
Meissl values it is possible to determine in many cases 
whether a sample of butter is genuine, but since the intro¬ 
duction of coco-nut oil and palm-nut oil into margarine manu¬ 
facture the addition of a small quantity of the latter has 
become increasingly difficult to detect, as may be seen from 
the following figures:— 

Hehner value. • Keichert-Meissl value. 

Butter fat ... . 85-go 26-30 

Coco-nut fat . . . . 88*6-90*5 67-8*4 

Palm.-nut fat ... . 91 5-7*8 

Oleomargarine . . . 95-96 0*5-0*7 

It has been noticed, however, that when the total fatty- 
acids are distilled along with water a small quantity of in¬ 
soluble acid separates out on the surface of the liquid. 

In the estimation of the Reichert-Meissl value this is 
filtered off before titration, but it was soon found that the 






RAW MATERIALS, PREPARATION, PROPERTIES AND USES. l I 7 


quantity of this insoluble volatile acid varied with the fatty 
acids which were distilled, and attempts were made to utilise 
this factor for determining the nature of the fat under o1j« 
servation, the most successful process up to the prescait being 
that devised by Polenska which is described on p. 298. 

The Polenska values of butter fat, coco-nut fat aufl palm- 
nut fat are given below. 

No of c.c. of t N. KflO rcq. 

to ‘ 

for 5 of the fat. 

Butter fat . . . . •.'^'*3-3*3 

Coco-nut fat.J5-2o 

Palm»nut fat.xo-f2 

Most other oils and fats .... not more than 0*5 

As emphasised in the descrif)tioti of the process fp, 298) 
it is absolutely necessary to follow the same proc(!fIure in all 
cases, otherwise the results will be (juitc conflicting. 

A'a/f of Distillation of the Volatile A fids, It Uuclaux in 

an elaborate investigation on the volatile acids of wine showed 
that the rate of distillation of each volatile acid was character¬ 
istic, That is to say, no matter what the concentration of the 
acid may be, the anrtoimt found in the distillate at any given 
moment was always a constant quantity of the total acid 
present, and that' the rate of distillation remained the same 
even in mixtures, so that, provided the two acids were known, 
the percentage composition of the mixture could thus be de¬ 
termined. Of course the rate of distillation will vary with the 
barometric pressure, but for the sake of simplicity the ex¬ 
periments are performed at the ordinary pressure, Duclaux 
took uc c.c. of the liquids and distilled too aa in fractions 
of 10 C.C., titrated each fraction separately and then calculated 
the proportion of acid in each fraction (A) on the total ^acid 
distilled and (B) on the total acid in the distillation flask. 
The following figures will illustrate this 
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Formic Acid. 

Acetic Acid. 

Butyric Acid. 

Caproic Acid. 

Caprylic Acid. 


A. 

B. 

A. 

B. 

A. 

B. 

B. 

B. 

I. 

5*5 

3*5 

7*2 

5*5 

i6*8 

16*1 

33*5 

55*5 

2. 

11*9 

7*6 

14*7 

11*2 

31*9 

31*1 

56*0 

78*0 

3 * 

i8-5 

11*8 

22*7 

i6*g 

45*4 

44*3 

75*5 

91*0 

4. 

257 

16 *3 

31*2 

23*7 

577 

56-1 

86*0 

93*0 

5 - 

34*0 

21*6 

40*2 

30*6 

67-9 

66*2 

92*5 

95*0 

6. 

43*1 

27*3 

49*9 

32*9 

77*2 

75*3 

1 96-5 

96*8 

7 - 

53*1 

33*7 

6o*2 

45*8 

85*0 

82*9 

I 97*5 

97*8 

8 . 

65*2 

41*4 

71*9 

577 

91*4 

89*2 

98*4 

99*0 

9. 

79-8 

507 

85-3 

64*8 

96*4 

94*0 

99*3 

99*5 

10. 

100*0 

63*5 

100*0 

75*9 

100*0 

_«_ 

97*5 

100*0 

100*0 


It will be seen that the rate of distillation increases with 
the molecular weight. 

The accuracy of the process may be guaged by comparing 
the figures obtained by the reviser and another, given below, 
with those of Duclaux. Acetic acid, i. contained 3*5 c.c. 
strong acid in 500 c.c. ; 2. contained 2*5 c.c. in 500 c.c. ; 3. 
2*5 c.c. glacial acid in. 500 c.c.; the others contained the speci¬ 
fied percentages. As iio c.c. is a small amount to distil, in 
numbers i, 2 and 3, 275 c.c. were taken and 25 c.c. col¬ 
lected at a time, in the other cases 165 c.c. were taken and 
15 c.c. collected in each fraction. Only the A figures are 
given :— 


Acetic 

Acid. 

I. 

2. 

3 * 

0*1 

Per Cent. 

I 

Per Cent. 

2 

Per Cent. 

5 

Per Cent. 

10 

Per Cent. 

I. 

7*9 

7*8 

7*5 

6*15 

7*62 

7-56 

7*91 

7*90 

2. 

15*6 

15-8 

15*3 

13-46 

15*77 

15-64 

i6*ii 

16*26 

3 - 

23*8 

24*0 

23*2 

21*83 

24*29 

24*02 

24*62 

24-87 

4. 

32*4 

327 

31*2 

30*80 

33‘oa 

3272 

33-41 

3373 

5 - 

41*6 

42*0 

40*9 

40*03 

42-04 

41-96 

42*71 

43*00 

6. 

51*3 

51*5 

50*7 

50*31 

51-54 

51-50 

52-31 

52*70 

7. 

61 *5 

61*7 

61*0 

60*79 

61-74 

61-74 

62*55 

62*87 

8.- 

72*8 

72*8 

72*2 

72*39 

72-83 

72-84 

73*46 

73-83 

9 * 

85-3 

85-3 

84-7 

85-04 

85-16 

85-27 

85*72 

85-91 

10. 

100*0 

lOO’O 

100*0 

100*00 

100*00 

100*00 

100*00 

100*00 
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Formic 

Acid. 

1 . 

2 . 

o-i Per Cent. ' 

1*0 Per Cent. 


I. 

6-5 

5*7 

573 

6*13 


2 . 

12*3 

11*3 

11*92 

12-55 


3 - 

i 8*8 

i 8*6 

i 8*74 

19*22 


4 - 

25*7 

25*7 

26*11 

26*53 


5 - 

33*5 

33*5 

34-07 

34*62 


6 . 

42*1 

42*5 

43*17 

43*43 


7 - 

52*2 

52*6 

53*73 

53*44 


8 . 

63*9 

64*7 

65*97 

64*97 


9 . 

78*7 

79*4 

81*17 

79*45 


10 . 

100*0 

100*0 

100*00 

100*00 



lo Per Cent. 


5-67 

ii'Sy 

18*56 

25*^5 

33’79 

4:^*4? 

51*88 

62*77 

77*01 

100*00 


This process should form a very excellent one for butter 
and margarine if properly worked out, and some attention has 
recently been given to the subject. Some tentative experi¬ 
ments by the reviser in this connection may not be devoid of 
interest. 50 grams of the fat were saponified with I 5 ![.^rams 
of KHO and alcohol. After evaporation of the alcohol, 8 
grams of sulphuric acid in water were added, the insoluble 
fatty acids separated and washed and the filtrate and washings 
made up to 500 c.c. 275 c.c. were distilled and the distillate 
collected in fractions of 25 c.c., each being titrated with 

- NaHO and the acid in each fraction calculated to a per- 

10 

centage of the whole distilled, two experiments in each case 



Butter. 

Neutral Coco-nut Fat. 

Palm-nut Fat. 


I. 

2 . 

I. 

2 . 

I. 

2 . 

I. 

25*9 

22*4 

42*4 

42*8 

28*6 

31*2 

2 . 

43*4 

40*8 

67*4 

67*2 

48*2 

49*9 

3 . 

57*7 

56*1 

81*0 

8 o*2 

60*8 

63*8 

4 . 

69*6 

68*5 

88*0 

87*2 

69*2 

71*5 

5 * 

79*0 

78*3 

92*7 

91*6 

75*5 

77*0 

6 . 

86*4 

86*0 

95*2 

94*4 

8 i*i 

8 i'2 

7 . 

92*0 

92*0 

96*5 

96*0 

86*0 

85*4 

8 . 

96*0 

96*0 

98*1 

97‘9 

90*9 

89*6 

9 * 

98*5 

98*5 

100*0 

100*0 

95*1 

93 *« 

10 . 

100*0 

100*0 

♦ 



100*0 

100*0 
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The distillations are difficult towards the end owing to the 
bumping which occurs, this explains why those of coco-nut 
fat were stopped after the ninth fraction had passed over.^ 

It may also be of interest to note that Elsdon found 
by Haller's method (fractional distillation of the methyl esters 
in palm-kernel fat: caproic acid 2, caprylic 5, capric 6, 
lauric 55, myristic 12, palmitic 9, stearic 7, and oleic 4 per 
cent ; and in coco-nut fat : caproic 2, caprylic 9, capric 10, 
lauric 45, myristic 20, palmitic 7, stearic 5 , and oleic 2 per 
cent. These figures may be compared with those of butter 
fat given on p. 103. 

7. Hehner Value .—This test is described on page 298. 
Butter contains from 85 to 90 per cent, of insoluble fatty acids, 
while tallow and most other fats contain 95 to 96 per cent. 

Coco-nut fat yields 88*6 to 90*5 per cent of insoluble 
fatty acids, and palm-nut oil about 91 per cent It must be 
remembered, however, in this connection that any unsaponifi- 
able matter contained in the original fat is separated and 
estimated along with the insoluble acids. 

8. Kotstorfer's Saponification Test .—This is described on 
page 297. Genuine butters require for i gram of fat 
220 to 233 milligrams of caustic potash (KHO) for complete 
saponification. Most other oils and fats absorb from 190 to 
198 per cent, with the exception of coco-nut and palm-nut 
oils, which require 242 to 260 per cent. 

Preservatives in Butter .—For the purpose of preventing 
butter becoming rancid too quickly preservative agents have 
been added. The most common are borax and boracic acid ; 
sulphites and nitrates have also been used, also salicylic acid, 
salicylates, and benzoic acid. Formalin (formic aldehyde) has 
been used to a small extent. Borax and boric acid may be 
detected by melting the butter and allowing the saline and 

For further particulars on Duclaux’s me^od, see Winter, Blyth, Foods ^ 
Composition and Analysis, 1882. 
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aqueous matters to settle out. A pica* of turoimV paper 
dipped in the acfueous lic|uici will turn nsi if hmat ic acid 
be present, while borax is sIkhvii by atldinp a little fi^alne 
•chloric acid befca’c dippiii^^ in the tunruait; papc‘r, with h will 
then turn red. ilie anieuut cd bf#n#a prrse'rvative is esti 
mated by a inoditiciatioii n| llininSon s prnc!es.s, a% ntvisrd by 
Richoiond and llarrihon. A wtriphoi qy.uitity of butter af^out 
25 grams) is placard in a .slcjppcred cyliridcp sullirieiit wafer is 
added to make the total water 25 tee. and then 10 to 1 5 c.c of 
•chloroform. i he wdiok* is shalorii anrl tlien alhnved to settle. 
A measured portion of the aqiicrfms !if|nid is run off into ;t 
platinum dish, rendered alkaline with a little soda, then 
•evaporated and iyiiitefl ‘Hie n^sidm: is dir.olvc^d in 25 c.c 
of hot water, reiiricrred fainfl)^ a< ief wit!i fliliitr siilphund: arid 
using methyl or.uiye a . indicator, if i-, then iHnh^d for a Imv 
•seconds to expel icirbf^iiir acid, iieiifrail .ed in a faint oranyt* 
with a weak suliitifin of ouisiic ‘.oda, tlien or. of elyd-rinr 
•and |>henoh|>htliak:iii are added aiiri ilie aidiilinn titrafed to a 
pink tint with N . XalK), 1 r.r, of thi% solution of^ri2 

gram of Xiiiphiles ram tie detelcf ! by sulphur rlioxidi? 

being evoha^d 011 the uriditimi of add% NifruteH by the 

•application of ilic cliphenyiairiiin! test hVirmaiiti in di:;!- 

tected by HeliiierX lent as inoflitiefl by Miclitiioiic! and 
Bosely. The Imtitr is itmkai *ii a low heal and the 
lower aqueous !ayi*r rim off, it is ifiixed with a hw drofM fif 
milk and ji clrcqj of a weak soliiiifiii f#f ferric’ tdiloride, and is 
then carefully^ poiirtal iijinii flu: siirr*ii:f,! of some siroiig sid|ifitiric 
add container! iii a tent Itiliix when if foriiniliii it 

violet-blue ring ivilf hi! forff|i:fl at tlir jiiiiclirifi of the twn 
liquids. 

Salicylic acibi is rearlily liefrctutl by slinking tfut liiiilur 
with a little alcolio! and ;% few cjrri[>’«» tif a wmk Miltiiioit i,f 
feme chloride, tlie Ikjiiid wlikli f^eparate being of a viok:i fim 
if salicylic aca’d present. 
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Benzoic acid and benzoates may be extracted by the 
method of Fischer and Gruenest: 150 g:rms. of the butter is 
melted and shaken with a i per cent solution of bicarbonate 
of soda ; the aqueous solution is run off, neutralized by the 
addition of dilute sulphuric acid, and a few drops each of 
solutions of copper sulphate and caustic soda are added, the 
liquid is then slig-htly acidified and filtered. The filtrate is 
shaken up with ether in a separator and the aqueous liquid 
run away, the ether being washed two or three times with 
water. The ethereal solution is dried over calcium chloride 
and distilled at a low temperature, leaving the benzoic acid in 
a crystalline condition. The benzoic acid can be recognised 
by dissolving in ammonia, boiling off the excess of ammonia, 
and then testing with a drop of Fe^Clg solution, which, after 
boiling, yields a red precipitate. In the absence of salicylic 
acid it may also be detected by oxidising it to salicylic acid by 
adding hydrogen peroxide, ferrous sulphate, and ferric chloride, 
when a violet colour will be produced (Jonescu and Fleury). 

Fluorides are also used to some extent as preservatives 
for butter and margarine; they are detected by melting 50 or 
100 grms. of the material, separating the water, evaporating 
this to dryness. After addition of a little caustic soda, the 
residue is then brought into a platinum crucible, treated with 
strong sulphuric acid and covered with a watch glass protected 
with a coating of paraffin wax which has a design marked 
through the wax so as to leave some of the glass imcoated. 
In a few hours, if fluorides are present, the glass will be dis¬ 
tinctly etched. 

Boric acid and borax are the chief preservatives used, 
and according to a Government Laboratory Report, 53*5 per 
cent, of the Canadian butters, 93-8 per cent of the French, 
93*6 per cent, of the Belgian, 83*3 per cent of the Australian, 
84-4. per cent, of the South American, and 79'5 per cent, of 
the New Zealand butters examined in these laboratories con- 
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tained boron preservatives; also of 364 samples of butter 
(both home and foreign) examined, 208 were found to contain 
boron preservatives, and of 133 samples of margarine 99 were 
similarly preserved. The amounts varied from 18 to 65 
grains per lb. in butter, and 7 to 73 grains per lb. in 
margarine.^ 

Microscopic Examination of Butter ,—If a small portion of 
butter be placed on a microscope slide and a cover glass be 
placed over it and pressed down so that it forms a slightly 
wedge-shaped film, being rather thicker at one side than the 
other, on examination of the sample under a -Jth in. objective, 
using the polariscope and a selenite plate, it will be noted, 
with a selenite plate giving alternately a green and a red 
field, that with pure butter the field will be uniformly green 
and red as the polariscope is revolved, but with an adulterated 
sample or with margarine the field will be mottled green, blue, 
ajid red in patches, especially in the thicker part of the sample. 
This is due to the fact that butter, not having been melted, is 
a homogeneous fat, whereas margarine, which has been melted, 
contains crystals, of different composition to the bulk, which 
affect the polarised light. Of course, if butter be melted and 
allowed to cool it will also- show the same play of colours, 
therefore in such a case the test would be of no value. 
Rancid butters also sometimes show a slight mottled 
appearance. 

Ghi or Ghee ,—In India the butter from cows’ or buffalos’ 
milk is heated for about 12 hours over a fire until all the 
water has evaporated and the casein and salt have settled to 
the bottom. After the fat has cooled somewhat it is poured 
by decantation into an earthenw^are vessel in which it is stored 
for some time before being used. Ghi is regarded by the 
natives as a very valuable product and is esteemed as a great 

^ Report of the Departmental Committee on the Use of Preservatives and 
Colouring Matters in Food, Cd. 883, 1909. 
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luKury. It is often kept for long periods; in fact, it is affirmed 
that g:hi loo years old or even more is not at all uncommoii- 
In the year 1672 Feyer records that he was shown some tanks 
of butter 400 years old, and that it was black and stinkingd 
There is a considerable amount of ‘'ghi'' produced in India 
and a flourishing trade exists between the different states and 
also with contiguous countries, but none of it comes to Europe. 
The price in India is Rs. i 8 to Rs. i 14, 

Three samples of ghi, two from buffalos’ milk and one 
from cows’ milk, were forwarded to the Imperial Institute by 
the Director-General of Commercial Intelligence in 1908, and 
their examination yielded the following results ;— 



Ghi from 

Ghi from Buffalos' 


Pure Cows’ Milk, 


Milk. 



Pure. 

Ordinary,’ 

Moisture .... 

. 3*0 

0*4 

0*5 

Curd .... 

«>-35 

0*0 

0-0 

Constants of the fat:— 




0 -rr • 

hipecific gravity at C. 

. 0*864 

0*866 

0*864 

Acid number 

7-24 

5*46 

II*I 

Saponification number . 

. 222 

226 

224 

Iodine number 

34*8 

34*6 

35*0 

Solidifying; point . 

30-2° C. 

29*4° C. 

26*1^^ C. 

Reichert-Meissl number 

24 

31 

29 


Artificial Butter, Oleomargarine, etc. (Kunst- 

BUTTER, MARGARINBUTTER, OLEOMARGARINE, SEAR- 

BUTTER). 

By the above and similar designations is understood an 
artificial product obtained from constituents of beef tallow, 
prepared by special processes and worked up with milk and 
vegetable oils to a substance greatly resembling, or even 
identical with, natural butter in appearance, consistency and 
flavour. 

^ Sir George Watt, The Commercial Products of India, igo8, p. 478, 
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The manufacture of artificial butter is a fairly simple pro¬ 
cess, but nevertheless entails the exercise of intelligence and 
care in order to fulfil all the requirements imposed. A few 
of the methods in use are given below, the reader being 
referred for fuller information to Lang's work on Kunst- 
hitter edition, 1895). 

Margarine Manufacture in France .—Margarine was 
originally made in France by Mfege Mourifes in 1870 as the 
result of a competition for a prize offered by the French 
Government in 1869 for the production of a suitable substitute 
for butter, which at the time of the Franco-Prussian war had 
become very scarce. The method of making this artificial 
butter devised by Mege Mouries was to heat fresh beef fat, 
especially the kidney fat, with a solution of carbonate of soda 
together with a small quantity of the stomach of the pig or 
sheep. The pepsin contained in the latter digested the 
membranous matter, liberating the fat, which was skimmed 
off, warmed with a solution of common salt to preserve it. 
The fat was then cooled to 22° C. and pressed between warm 
plates when a soft fat exuded, to which the name ‘‘ oleo¬ 
margarine" was applied Subsequently the process was 
improved by churning the soft fat with 10 per cent of milk 
and 0'4 per cent of macerated cow's udder until a perfect 
emulsion was formed. This produce contained about 
12 \ per cent of water and had a melting-point of 17° to 
20"^ C. 

Villon describes the process as follows:— 

The first operation consists in the separation of the so- 
called premier jus from the suet by melting at 38° C. The 
solid beef fat is formed into pats, about 8 in. long by 7 in. 
wide and ^ in. thick, wrapped in linen cloths, and weighing 
some 2| lb. (i kilo) each. Two hundred of these pats are 
placed in a hydraulic press by placing on the lower plate 
(covered with a canvas cloth warmed to about 50'' C.) a layer 
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of 5 pats, these being covered with another cloth also warmed 
to 50° C. and surmounted in turn by a second set of 5 pats, 
and so on until the whole 200 are in position. The operations 
must be performed quickly, so that the cloths have not time 
to become cold. The separation of the oleomargarine begins 
without pressing, owing to the pressure of the cloths and to 
the warmth to which they are exposed, but as soon as the 
flow is observed to flag, the press is set to work, very slowly 
at first, the pressure being afterwards raised to 150 kilos 
(330 lb.) and even to 175 kilos (385 lb.). 

The pressed beef stearin {suif pressf), remains behind in the 
cloths and is used for making stearin and tallow candles. 
The oleomargarine or oleo oil thus obtained is a yellow 
crystalline mass resembling ordinary butter, it is mixed with 
milk and cotton-seed oil or ground-nut (arackis) oil for churn¬ 
ing. The proportions taken vary according to the quality in 
view, but the following have been used:— 


I. 11. 

Oleomargarine . . . 800 kilos 500 kilos (of 2*2 lb.). 

Milk .... 500 litres 500 litres (of 0*22 gall.). 

Cotton-seed oil . . 100 kilos 50 kilos. 

The quantity of oil is adjusted according to the time of 
the year, 30-40 per cent being used in winter, whilst in 
summer the oil is occasionally omitted altogether. Sesame 
oil is sometimes used, the object of the oil, of whatever kind, 
being to impart to the oleomargarine the suppleness of butter. 

The oleomargarine is melted at 45° C, and the milk and 
oil are added at the same temperature, all being run into the 
churns through pipes from storage tanks several yards high, 
situated above the (wooden) churns. The materials are then 
thoroughly incorporated by means of dashers, the operation 
lasting about two hours, the dashers being stopped towards 
the end in order that the quality of the product may be 
determined. The mixture is then allowed to run out of the 
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churn through an inclined wooden trough into a large vat, a 
jet of cold water impinging on the mixture, as it falls from 
the trough, in order to granulate the margarine. In the vat 
the product floats in cold water, and is removed by gauze 
strainers or sieves and left to drain for about two hours in 
perforated vessels, whence it is transferred to revolving tables 
like those used for butter working, only larger. On these it 



Fig. 52.—Butter and churning machine (W. Rivoir, Offenbach-am-Main), 


is kneaded to express the milk, and the margarine thereby 
acquires the homogeneity of butter. The appearance of the 
product is improved by passing it in small portions through 
horizontal rotating fluted-roller machines, after which it is 
made up into i lb. (or ^ kilo) pats. This method is the one 
most frequently employed, but the churned mixture can also 
be cooled by ice water from the ice-making machine, though 
this plan is not advantageous, since, during the slight fermen¬ 
tation allowed to ensue before the mass is drained, the flavour. 













































































A\f\!.\l I \'| s \\U nfL%. 


.\/{/ uf a inar‘,;ariiif% in tfr; . dsc, uhi 

taiiieci. 

In nhtaifi rnally marnariiif:? ihi* prtHhu t fimst lie 

allnw4;d to set, in soiall liiiiips^ c:ih ln'«.ii}y siriall «|iiaiilitic-N of 
milk, and ud this aaroiiut the water iiseci tmi^i iii>| b<,^ 

Olid. A iraoil failter flavour is developed hy iiiiciilatifin thv 
mrir|4'ariiit! hi the draiiiiii^f with a siiial! «|iiaiititv a 



laci. f.e Margaiifie moniker |W. Kivfiirf. 


ferment obtained from artificiid fermentation-cuUureH from 
Rood fnitter. 

Henri GraHHo of iIer«>genbnsch (Hollajid) designs and 
supplies margarine factories fora diurnal production of i-? 
tons of artificial butter. The entire plant consists of.— 

1. Steam-heated chiirms of 350-550 galls. (1500-2500 
litres) capacity; 

2. Roller workers with fjatent Salamander" rollers, fill- 
ing sack, flap and truck ; 

3. Margarine oil attemficrator and mixers; 
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4. Mari^arinc nidtin|( tanks with af^itatca's ; 

5. Butter flriers or inixiiiL^ machines ; 

6. Milk acidifier.s, holding* i^alls., filled with lieat- 

111*4 and cfjolinp; arranj^ements ; 

7 . M i 1 k se I )a ra tors; 

8. Pasteurising; apparatus, sevt‘ral aailers for creanp skim 
milk and pasteurised milk ; 

9. Milk heater holding 70-1 15 i^alls. ; 

10. t’hiirn for natural Inittcr or vegetable margarine; 

11. Margarine!: oil pumps, worked by Iiand or power; 

12. (iranulating sfirays, with taps; 

I 3. Knt:-icliiig tables ; 

14. Mixing or hleiidiiig niaciiiiirs; 

15. (’ooliiig flniiijs ; 

l‘lie follceviiig partiMilars rc:latiiii; to tlu* luaiiufac I tire c 4 
margarine* an: taken trom a paper by W". Cla\'ton in the 
f»/ ///r .Ve# 7 >/r ('hrmicai hiih\frj\ 1917, p. tens;: 
1‘hciiiilk is pastciiriseci by heating for a few iniiiiites at 82 
which destroys most of the bacteria present; it is lluui run 
over a vertical cfioler to the soaring taiik% where it is iiinocu- 
lated witfi a .Hi>i.‘ciaIIy prepared pure culture of lactic bacteria^ 
this being kinnvii as the “ starter The temperaf lire of the 
tank is kcfit at the fiiost suitable point for the rlevidopirieiil' 
of the bacteria which cause rapid curdling owing to the 
formation of lactic «icifL The fats are melted in large oval 
jacketed, stearndicatefi vessels and run intc? the churn. I 1 ie 
churns are of two types, the older form btring doiiblojackcfed, 
provided with two sets of stirrers firovided with fiaddlcs which 
agitate the: conteiits. The newer coiitiiiiioiis electric chiiruH 
are very cfilcmit, llie oil and milk are now adcicd and when 
emulsification is completed at a tempeniture of 2 5 '- 35 ’' (7 the 
mixture is run from a valve at the bottom into a sloping shocU 
where it is met with a spray of Ice-cold water wliich imping,es 
upon it with such force as not only lo solidify it but to iireak 

9 
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it Up into a number of minute fragments or '‘crystals”. In 
an alternative method the margarine from the churns is run 
on to revolving cooling drums from which it is automatically 
removed by means of a knife or “doctor’'. The “crystals" 
or paste is kept for a time in a “ maturing ” room in which the 
temperature is kept at a definite point favourable to the growth 
of the organisms innoculated into the milk. The margarine is 
then kneaded to bring it into a homogeneous mass and to 
expel the excess of water, the legal limit of the latter being 
if) per cent The margarine is then blended and mixed with 



Fig. 54.™-Butter mill with fluted rollers. 


salt, colouring matter, and preservative in a blending or knead¬ 
ing machine and then placed in kegs or moulded into pats. 
Preservatives, usually boric acid, are almost universally em¬ 
ployed, the amount not exceeding 0'5 per cent, with the object 
of preventing further bacterial action, which would cause sour¬ 
ness or rancidity. The constituents of margarine are various. 
At first a blend of oleo oil and cotton-seed oil was employed, 
but the cheaper brands of margarine are now made from 
neutral coco-nut fat or palm-kernel oil without any animal fat 
In the United States, in addition to cotton-seed oil, arachis or 
earth-nut, soya bean, sesame, and more recently kapok, maize. 
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and wheat oils have been employed. In the better class of 
margarines a small proportion of butter is added, but in this 
country, in order to comply with the law, the amount must 
not exceed 10 per cent. 

Hydrogenised oils are now employed in the manufacture 
of margarine, these being made from any oil—including fish 
oils—of any degree of consistency, from that of lard to that of 
tallow, according to one of the methods outlined on pp. 283- 
291. These hardened oils are white and usually quite free from 
odour and are somewhat difficult to detect; they usually, 
however, contain a trace of nickel, which can be detected as 
described on p. 293. The amount of nickel present in 
hardened oils is now much smaller than it was originally, and 
the question is whether this amount is likely to prove injurious 
if taken internally over a long period. Much controversy has 
arisen over this problem, it having been affirmed and denied 
that such small doses may be taken with impunity. It is said 
that 98 per cent of the nickel thus ingested is quickly 
eliminated. The hydrogenated oils are digested in the same 
way as ordinary fats, and from this point of view no objection 
could be taken to their use. 

Other materials are added to ma^rgarine in order to cause 
frothing and browning and thus simulate butter; among these 
substances may be mentioned butter, dried milk powder, 
casein, egg yolk, lecithin, yeast, malt extract, lactic acid, and 
various proprietorial preparations. 

The German and Austrian Margarine Acts specify that 
manufacturers must use 10 percent, of sesame oil in admixture 
with the other oils in order that the product may be readily dis¬ 
tinguished from butter. The Belgian Act also stipulates 5 per 
cent, of sesame oil and i *2 per cent, of potato starch, calculated 
on the weight of the fats, with the same object. 

Kaiser Butter ,—According to a communication issued 
by H. %i M. Pataky, patent agents of Berlin, it has been 
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established on the basis of scientific experiments that levulose 
and substances containing the same, when incorporated 'with 
edible fats by a special process, yield a preparation that, 
unlike other fats, needs no admixture with bile to form an 
emulsion in the alimentary canal. All edible fats liquefy, it 
is true, at the temperature of the body, but their emulsifying 
capacity is dependent on their intermixture with the biliary 
fluid in the intestines, and since the amount of this fluid is in 
most persons comparatively small, the ordinary edible fats are 
only to a small extent actually digested, £^., absorbed by the 
intestines. Of all the alimental fats hitherto known, good 



fresh butter is the easiest of digestion, owing to its superior 
capacity—in comparison with the others—of emulsifying with 
relatively low proportions of bile. If, now, edible fats be 
incorporated with levulose, they liquefy in the human stomach 
and form emulsions with water at temperatures even below 
37° C., so that their digestion is thus ensured. The process 
is carried out in such a manner that the fats, warmed to about 
70° C., are mixed with an addition of a solution of levulose at 
the same temperature, the mixture being rendered thoroughly 
intimate by continual stirring until cold, so that it emulsifies 
when shaken or otherwise agitated with water at temperatures 
from about 14° C. upwards. Butter mixed with levulose (or 
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substances containing the same) by this process is allowed 
to be sold as butter in Germany, and a patent has been 
granted for the ''Kaiser butter” prepared in this manner. 
In addition to the properties already enumerated, " Kaiser 
butter ” exhibits the advantages of superior flavour and 
keeping qualities. Consequently, the consumption of butter 
would be increased, and that of the butter substitutes at 
present vended decreased, by the introduction of this prepa¬ 
ration, the price of which is even lower than that of ordinary 
butter. 

Preparation of Alimental Fats^ according to Jahr and Miinz- 
berg. —According to the above-named inventors, easily diges¬ 
tible alimental fats may be prepared by intimately mixing fat, 
warmed to jd" C, with a solution of levulose at the same 
temperature, the liquids being stirred without interruption 
until cold. The mass thus obtained can be emulsified by 
shaking or otherwise agitating it with water at temperatures 
ranging from about 14° C. upwards. 

Filbert's Process. —J. H. Filbert's process for preparing 
alimental fats consists in the admixture of beef fat and cotton¬ 
seed oil, the former being gradually liquefied at the lowest 
possible temperature and the oil added, whereupon the mixture 
is vigorously stirred and beaten in order to reduce the size of 
the oil globules still further and bring about their intimate 
incorporation. Simultaneously, air is blown through the 
mixture, so that the finished product is light in colour and the 
particles of cotton-seed oil and minute air bubbles are held in 
suspension in the solid fat 

Winter's Method. —A. M. Winter took out an American 
patent for the following mixtures as alimental fats (! ! 1) :— 

1. Fatty substances and refined mineral oil mixed in such 
proportions as will produce a stiff mass. 

2. Refined mineral oil and animal or vegetable fats in pro¬ 
portions calculated to form a stiff mass. 
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3. Refined mineral oil, oleostearin, tallow and vegetable 
oil (cotton-seed oil). 

4. Sixty per cent of refined mineral oil and 40 per cent, 
of fatty substances. 

5. Sixty per cent, of refined mineral oil, 30 per cent of 
animal and 10 per cent of vegetable fat 

6. Sixty per cent of refined mineral oil, 15 per cent of 
oleostearin, 15 per cent of tallow and 10 per cent of cotton¬ 
seed oil. 

Analysis. —The analysis of margarine is carried out exactly 
as for butter, see p. 108. 

In the analyses of margarines consisting of vegetable oils 
(coco-nut, palm-nut) admixed with butter it is often somewhat 
difficult to determine by means of the Reichert-Meissl or 
Hehner values whether the legal limit of 10 per cent of 
butter has been overstepped. In such cases the Polenska 
number, that is the amount of alkali required to neutralize the 
insoluble volatile acids, will be found of great service. This 
is, however, an empirical method, and in order to obtain 
concordant results it is necessary to proceed always according 
to a uniform plan ; even the size of the distilling flask and the 
other parts of the apparatus have had to be standar dised. For 
a full account of this method see Lewkowitsch, Chemical 
Technology and Analysis of Oils., Fats, and Waxes, 1915, 
VoL III, pp. 35 et seq. 

Lard (Schweinefett, Schmalz). 

Raw Material. —The' fatty portions of the hog, and es¬ 
pecially those lying beneath the skin and between the intes¬ 
tines, the leaf. The quality of the fat varies with the part of 
the body from whence it is derived; that from the exterior 
fatty integument of the hog, surrounding the entire carcase of 
the animal immediately below the skin (especially on the back 
and sides), is more solid and curdy, though, at the same time, 
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Hiore easily melted out than that from the interior of the 
body along the ribs, the intestines and kidneys, which is 
generally known under the names of leaf, loin, kidney fat 
CSchmeer, Liesen, Lendenfett, Nierenfett, Filz). The proper 
preparation and assortment of the raw material for preparing 
tbe lard is very important. January and February are the 
best months, the fat being then more consistent than during 
tbe warmer seasons of the year. Apparently the colder 
season, as a result of increased respiration of the denser air, 
bas an influence in rendering the deposited fat- poorer in 
bydrogen and richer in carbon, the hydrogen, by reason of its 
greater affinity for oxygen, being the first to enter into com¬ 
bination with the latter during respiration at low temperatures. 
VVinter fat is accordingly richer in stearin, whilst summer fat 
contains more olein. The method of feeding and the health 
of the animal also exert a not unimportant influence on the 
constitution of hog fat, so that soft and greasy fat is also met 
with in winter. Pigs fed exclusively on acorns always yield a 
somewhat yellowish fat. Lard in the greatest quantity and of 
the best quality, both as regards consistency and appearance, 
is supplied by the intestinal fat of young pigs, this fat con¬ 
sisting mainly of cell capsules enclosing the pure fat and 
requiring to be broken before the melting process. 

Preparation .—Lard is prepared in the same manner as 
tallow, by carefully melting the raw material and separating 
it from the cellular tissue and other residual flieshy m'atter. 
'The fatty substance intended for melting is freed as much as 
possible from all adherent pieces of skin, sinews and flesh, 
and then cut into small cubes with knives or in the cutting 
machine, the material so prepared being repeatedly washed 
with water until the washings run away clear and colourless, 
after which it is transferred to the melting pan. This is 
generally of well-tinned copper, and is heated by direct fire, 
though steam-jacketed enamelled iron or large stoneware 
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pans may be employed. The melting fat is constantly stirred 
with large wooden paddles, the work being continued until 
the liquid has become perfectly clear and all the water is 
evaporated. The clear fat is then poured through straining 
cloths, stretched on frames, into the storage or transport 
vessels, and after being slightly cooled is stirred until it has 
become white and opaque, although still thickly fluid. If 
the fat were allowed to simply set by itself, the contractiori,, 
occurring in congelation would give rise to fissures in the 
mass, which would admit air to the interior and thus un¬ 
favourably influence the keeping quality. When, on the 
other hand, it is stirred until completely set, then so much air 
is stirred in that all cannot escape, and rancidity is still 
further facilitated. The stirring must therefore be discon¬ 
tinued at the proper time, whilst the fat is still soft enough 
to run together without leaving any interstitial spaces. When 
this particular method of cooling is not adopted a quantity of 
oily fat congregates on the surface and, being readily liable to 
alteration by rancidity, exerts an unfavourable influence on 
the consistency of the subjacent mass. 

The residual matters (fragments of tissue, greaves) left ■ 
behind in the straining cloths and in the pan are heated 
again in the pan to a somewhat higher temperature and then 
pressed in a so-called greaves-press, leaving the solid portions 
behind as greaves. The resulting fat is generally somewhat 
coloured and possessed of a peculiar roast smell. In the large 
hog-slaughtering establishments in America the fat is gener¬ 
ally melted in apparatus similar to that described on pp. 43 
£t seq,, and heated by steam under pressure, the precautions 
necessary in the case of tallow melting being, however, dis¬ 
pensed with, owing to the absence of any unpleasant smell. 

The greaves are used as an inferior food stuff and fed to 
cattle, or, when obtained in large quantities, employed for the 
manufacture of potassium, ferrocyanide. 
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Chemical and Physical Constants of Lai^d .—The constants 
of lard vary very considerably according to the portion of the 
animal from which it is obtained and also the method of feed¬ 
ing the hogs, but the following numbers may be taken as re¬ 
presentative :— 


Specific gravity at 15° C. 


o* 93 I-o *938 

Specific gravity at 40° C. 


0*8985 

Solidifying point 


27*i°-2g*9” 

Melting-point 


36 °- 46 ° 

Free acid .... 


•I4--26 

Sponification number . 


ig5*2-ig6‘2 

Iodine number 


49 •9-70-4 

Refractive index at 40° C. 


. i' 4558 -r 4640 

Hehner number . 

. 

95*8 

Insoluble Fatty Acids— 
Solidifying point. 


34 °- 42 ° 

Melting-point 


35 °- 44 ° 

Iodine number . 


56-67 

Refractive index at 40° C. . 

. 

. r 4545 -t 455 «* 


The characters of American lard and especially of Chinese 
lards differ very greatly from European lards, which is ascribed 
to the method of feeding; thus American and Chinese hogs are 
fed largely upon maize, which renders the fat softer and more 
fluid, the iodine number being correspondingly higher. Thus 
European lards have iodine numbers of 52 to 60*5, Arnerican 
lards 59 to 70, and Chinese lards 58 to 85 ; nevertheless, a lard 
with iodine value of less than 50 or over 68 should be re¬ 
garded with suspicion and requiring very careful examination. 

Lard consists of olein, palmitin and stearin, and contains, 
according to Allen and Thomson, 0*23 per cent, of unsaponifi- 
able matters. The olein content—as calculated from the 
iodine number of 59*0^—is 68*4 per cent. ; Braconnet .states 
it as 62 per cent. Linolic acid, however, is also present. 
Twitchell has calculated that a lard having acids with iodine 
value 62*57 contained :— 


Linolic acid.10*06 

Oleic acid. *49*39 

Solid acids (by diff.).40*55 
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Lard very quickly becomes rancid on exposure to air, and in 
that condition will absorb copper or lead from coppered vessels 
or those coated with lead enamels, and thereby becomes 
poisonous. To test for these metals the fat is digested|with 
acetic acid, and a part of the acid liquor treated with yellow 
prussiate of potash (potassium ferrocyanide). A brown color¬ 
ation indicates copper, whilst lead is revealed by the white 
precipitate produced by dilute sulphuric acid in a second por¬ 
tion of the acid extract 

Lard is soluble in 27 parts of absolute alcohol or 3 5 parts 
of alcohol of sp. gr. 0*9128, also in ether, chloroform, carbon 
bisulphide, hot benzine and warm petroleum spirit. When 
fresh, it has a neutral or very faint acid reaction, and yields 
on saponification and subsequent decomposition of the pro¬ 
duct 10*5 percent, of glycerine and 95*6 percent, of stearic, 
palmitic and oleic acids. Of this io6*i per cent., 6*1 per cent, 
represents water absorbed in the production of glycerine and 
acids. 

The colour of lard is white, granular and of salvy or pasty 
consistency, with an agreeable, rather sweet, fatty taste. It 
runs when held between the fingers, and on re-cooling after 
melting assumes a crystalline structure. It may be separated 
by pressure at o” C. into a liquid lard oil (schmalzol, .speckol, 
huile de graisse), and a solid portion, lard-stearin, the latter 
product finding employment for stiffening fluid lard. 

Adulterations .—One of the most common methods of falsi¬ 
fication is the incorporation of an excess of water to increase 
the weight. The readiest means of detecting this is by care¬ 
fully melting a sample and leaving it to stand in a moderately 
warm place, whereupon the water will separate out With 
traces of water the lard remains turbid. For increasing the 
weight of the fat the following additions are used : soda solu¬ 
tion, potash solution and soda lye, all of which whiten the 
fat; also’chalk, alum, clay, common salt and starch. Further- 
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more, alum or lime is added to lards already mixed with water, 
I per cent of lime or 2-5 per cent of alum being able to mask 
the presence of. 12 or 15 per cent, of water. Other fats, 
notably beef stearin, are also added, and in America adultera¬ 
tion with cotton-seed oil was at one time practised on a large 
scale. 

Examination ,—The method of detecting water has already 
been described. To identify chalk, clay or alum 100 grms. of 
the fat is melted at 69°-7o° C. along with the same amount, or 
half as much again, of water, frequently stirred, and then set 
aside for a few hours. Chalk or clay^ if present, will subside; 
common salt (sodium chloride) will be revealed by the white 
precipitate produced in the aqueous solution by acid silver 
nitrate; alum, by the voluminous precipitate with ammonia 
and the white precipitate with barium chloride ; soda or potash 
solution or lyes, by the precipitates with calcium chloride ; and 
the last-named substances, in particular, by the yellow colora¬ 
tion given with mercuric chloride. 

Admixtures of starch and meal give a blue coloration with 
iodine solution. Occasionally, beef fat is employed to falsify 
lard, and can be identified by microscopic examination (Bel- 
field test), since, whereas lard crystallises from an ethereal solu¬ 
tion as rhomboidal lamellse with the ends cut-off obliquely, 
the crystals of beef fat are plume-shaped or curved like an S. 
An idea of the relative proportions of the two constituents 
can be obtained from the appearance of the crystals. 
(Figs. 56 to 61). 

According to Schaedler, the manufacture of lard for ali¬ 
mentary purposes, pursued on such a large scale in America, 
has, unfortunately, led to the shipment to Europe of enormous 
quantities of lard falsified by the addition of other fats. It is 
only in quite recent times that this adjunctive adulteration 
industry has somewhat abated, as a result of the operations 
of the Food and Drugs Act in this country and stringent 
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regulations on the part of the American authorities. Never¬ 
theless, a considerable amount is still sent over, particularly to 
Germany. 

The detection of this form of adulteration necessitates a 
very searching investigation. The fat most frequently added 
to lard is refined cotton-seed oil, with which is mixed suitable 
quantities of beef fat or beef stearin to compensate its fluidity 
and high iodine number. The use of other oils, in place of 
that from cotton-seed—that is, earth-nut, sesame, etc.—is natur¬ 
ally not precluded when the state of prices permit. A num¬ 
ber of simple reagents have been proposed for the detection 
of such additions, among them being alcoholic silver nitrate 
solution (Pattinson test). Pure lard does not respond to this 
test, but not lard that has been prepared, even with the most 
scrupulous precaution, on a small scale. Although some 
commercial brands give a reaction with this test, one is not 
therefore justified in considering them as necessarily adulter¬ 
ated, since very minute quantities of extraneous substances 
are sufficient to produce discoloration of the silver nitrate, and 
such quantities are often present in the commercial grades of 
lard. The same applies to molybdic acid solution, this test, 
also, being so delicate that the majority of the commercial 
qualities of lard will not pass it. It is performed as follows : 
To I grm. of the suspected fat, dissolved in about 5 c.c. of 
chloroform, are added 2 or 3 c.c. of a solution of pure sodium 
phospho-molybdate, and the whole shaken up. After a few 
minutes’ rest the two liquids will have separated again, and 
the reagent solution overlaying the chloroform will be found 
coloured a more or less intense green to greenish-blue, accord¬ 
ing to the percentage of reducing substances in the lard. The 
same applies equally to the so-called Hirschsohn reaction for 
detecting cotton-seed oil, of which it, is said to reveal down 
to 5 per cent. To 5 grms. of the suspected fat are added 5 
or 6 drops of a solution of i grm. of gold chloride in 200 








144 


ANIMAL FATS AND OILS. 


grms. of chloroform, the mixture being shaken up and 
immersed in boiling water for twenty minutes. In presence 
of cotton-seed oil the liquid will appear rose-colour to red by 
reflected light and greenish by transmitted light 

Lead acetate has also been recommended as a reagent, 
and is said to produce a more or less orange-red coloration 
when ammonia is added to the agitated mixture of acetate 
and melted fats. These reactions are all, however, uncertain, 
and the only sure means of forming an accurate decision is by 
a comprehensive examination embracing :— 

1. The microscopic appearance of the melted and re¬ 
crystallised fat; 

2. The melting-point; 

3. The saponification value ; 

4. The melting- and setting-points of the fatty acids ; 

5. The iodine number; 

6. The specific gravity. 

In connection with the iodine number of lard, it should 
be mentioned that it does not always enable an accurate con¬ 
clusion to be drawn, the reason for this being the variable 
proportion of olein and linolin present, the iodine number of 
which is much higher than that of the fat Moreover, certain 
not unimportant deviations are exhibited in the lards obtained 
from various portions of the body of the hog. Thus Dietrich 
found lard from dripping to have an iodine number of 47*5 to 
55-3 and that from bacon 60'0. In individual instances, 
however, the iodine number can be utilised in the determina¬ 
tion of lard. 

Dr. A. Goske investigated lard, particular regard being 
paid to the detection of tallow by crystallisation. The earlier 
experiments were performed on steam lard (American crude 
lard) and the so-called neutral lard (the edible lard) prepared 
therefrom, both of which can be readily examined for tallow 
by crystallisation. In the case of butchers’ lard, other con- 
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flitions obtain, the crystals foriiiin|4‘ Iicrcin cxhibitini* markcci 
differences compared with tliose fruni American lard. l\y 
dissoIvin|( the fat in ether and allowing it to re-erystallisc;, the 
crystals obtained in the al)scnce of talknv an? lanu^llar with 
obli(|ue ends, whereas when tallow is present they take the 
form of aggregations of small curved needles, llic result of 
the crystallisation is in a measure dependent on the tempera¬ 
ture prevailing and on the amount (if fat in the soluticiii; the 
smaller the (|uantity of fat and the higher the temperature 
the better do the crystals come out. It is best to take not 
more than i grm. of lard, allow the lube to cool slowly in a 
licaker of water and to leave it to stand at i 2'~I 3" (k, since 
if the solutiiai lie set at lower tempera!un!s h*./;'., 4 (k and 
under;, g(Kid and (’haractitristie (T}‘stals cannot bc! olUained, 
With (u'ly lard-.- 'and in file sunnner tinn* c < .c*. of lard may 
lie reepured -10 c.c. of ether is emphna'd and the test tulie 
locisely plugged with cotton wool. 

When the crystallisation has he«:ii satisfactorily pcrforinird, 
the crystals cif pure steam lard appear under the microsccipc 
as large sharply-defined plates, ofUai up to | miii, wide, their 
mass being here aiiid there inier>»persed with aggregiitkms cd* 
long needles, though slight modiliciitioris of this ordinary type 
may ocxiir. Laid coiitiiiiiiiig Ixtef stcariti crystallises in small 
fascicles c»f fieeclles starting froiri a coiiiirion centre, more or 
less curved, and in sheaveH or firushes (hh'gc 5K). kalteriy, 
oleomargarine has on occasion been employed as an adulterant, 
ill which event the appearance of the crystals as a whole differs 
from that prcseriled in the case of lard mixed with prcHsed 
stearifi. 

Butchers’ tallow Hhcnvs a remarkable differiiiice in crystal¬ 
line habit, in that no true lard stearin liirriclbi! can be obtained 
therefrom, their prcHcnce being at most merely iiidicatecL 
Butchers tallow crystallises in needles ” which are consicku'- 

ably longer Ihiiii tiiikw iiccclles, frec|iieritly felted or fascicular 

10 
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and occasionally rotiii'A c«anninii 4alk. Cif),skt:\ n:- 

scarchcs also ainiecl at clucidatiuy the* r^*a*.cai ivh\“ Aiiiericaii 
lard is riclicr in olein than InitchcaN' lard, fait failt'd to realise 
their object, aIlhoii|»h this has sine i* hcrcii proved to Ik: diit! to the 
difference in feedinpn American liog.s lurini.^ fed L'ir|.;e!y on iriaizt*. 

On reciystallisiii’* biad fat from t:lher several times it loses 
its characteristic: appearance, |,tr;tfliia!!y aHsiiiriiiy^ the farm of 
long thin plates, like: ihosi: of larci hut not sa hroati. On the 
other hand, the lard deposit after severa! cry^allisalions also 
frains in tfiiiincr crystals, so that the twfi cannot he (iis- 
tiiypiished. In fact, the products approximate to ftadi other, 
forming a palmito-riisteariii %vith a iiKiltJiig-fKiiiit of 62'' (see 
Ftga 56 and 57), 

With regard to the detection of cotton oil in lard, Goske 
abandcjiied the use of phospho-molybdate, since this reagent 
is reduced by any lard that is somewhat oki On the other 
hand> Becchils reaction was foulid useful wlicii performed in 
the following manner, hit that was as much as three or four 
months old, and had been left exposed and had thereby 
acquired a repellent smeli, exhibiting no reducing action. In 
cotton-seed oil the reducing power appears to diminish wifli 
age. The reaction is performed in the manner recnrnineiifled 
by the Italian Committee, the following solutions teirig used 
separately 

(1) I grra. of silver nitrate ilissoivcd in 200 c.c cT 98 per 
cent alcohol, 40 cc of ether and o*f of nitric acid. 

(2) 15 c.c. of colza oi! in 100 cc of amyl alcohol 

Equal parts (5 cx.) of fat and solution Ho. 2 with | c.c 
of solution No. i are heated for a cpiarter of an hour in a 
briskly boiling water bath. 

For observing the reaction the test tube is held in front 
of a sheet of white pafier. However, in doubtful cases, 
where no decided brown coloration is produccclj one must not 
rest contented with the Becchi reaction alone. 
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Jean's method of testing lard and fatty ca'ls is bastjcl h< 4 h 
on the refractometcr test for the licjuic! fatty acids c#f the* 
profiuct under examination and on the deterniination of their 
saponificatirm value* The lic|uid fatty acids arc; isolatc'd frean 
the total fatty acids by conversion into zinc soaps (by agitat¬ 
ing the carbon bisulphide solution with zinc oxide) and suIe 
sc(|iicnlly decomposing the compouncL Lard mixed with 
vcgetalrle oils can be rea'rognised I>y its fatty acids fUTKiiicifig' 
a smaller deviation than - 30", the saponification value being 
at the same time below 190-191. 


The subjoined figures were 

obtained by it. Spath 

in the 

cxamiiiatioii of lanh Ihh 

d tallow 

, and cotton-seed oil:- 

- 



Atrlyl Artfl 

Ai rl yl ,Sa|»rj|i 8 

At ctyl 

Sumlmr. 

Numb* f. 

fis 4 f w»ti Viihtr, 

Nfimiirr 

Lard, M’lf tiiii . . . 5 .' 

V7 39’h 



4*35 *-.5 

Olfkr lar«! . . - 5 ' 

rc>^S-.r 4 

iOS'{| 


r-j 

Alimentary lard 

fij-H 

aih'u 


07 

Beef HcIPryii 

4,10 


aiirs 204*7 

4a 5*7 

Ccittoivheecl vil, frcfiti 


i<IV 3 ‘ic|k'a 

217*0 


„ ,, fikicr 

i|i |7 

ifi.rii 

atfvo 

a.fo 

Mixture : fm parti lard, mt 





partM lieel tallow and a<i 
parts collon iced oil 

&rti 

nifrfMgan 


ici‘‘4«ri*3 

Dr. MansfeUi says, 

with regard to 

the examination of 


lard: ** The difficulties in testing the purity of Iiird reside^ 
not merely in the nmitiifokfi and mostly complex^ methcKis <if 
falsification practised, but also in the great variations existing 
ill the figures reported in the literature of the subject". 

In testing for vegetable oils the Becchi ami Weliiiaids 
reactions are employed, but require a little care, since the 
reactions may be faintly maiiifestc<i even by pure lard. Clear 
filtration of the fat is particularly essential Since, in the 
case of complex adulterations, a fill may give a noriiiul icHline 
number, tliese cpialitative tests should be invariably performed. 
In such instances a more tietailed examination of the fatty 
acicln affords much in formation. 
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The quantitative calculation of the proportions in the 
mixture necessitates the preparation of the liquid fatty acids. 
For this purpose 5 grams of the fat are saponified with. 50 c.c. 
of approximately normal alcoholic potash, the alcohol is 
evaporated off and the soap dissolved in hot water, the solu¬ 
tion neutralized by addition of dilute acetic acid. A 10 per 
cent solution of lead acetate is then added until no further 
precipitate of lead soap takes place, and heat is applied if 
necessary until the lead soap adheres together and clings to 
the flask. The liquid is now drained off and the lead soaps 
are washed several times with warm water which is cooled 
before being poured off. 150 c.c. of ether are now added to 
the lead soaps and the whole agitated from time to time 
until thoroughly disintegrated. The ethereal solution is de¬ 
canted off through a filter paper and the residue washed 
once or twice with ether which is also passed through the 
filter. The solution is now run into a separating funnel 
and dilute hydrochloric acid added in small portions at a 
time, and the whole well shaken after each addition until 
finally no further precipitation of lead chloride takes place. 
After settling, the acid liquid is run off and the ethereal 
solution is washed with water until free from acid. The 
ether is now dried with calcium chloride, filtered, and the 
ether distilled off in a current of coal gas. There remains in 
the flask the liquid or unsaturated acids of the fat and on 
determining their iodine value the purity of the fat in the case 
of lard is established, the iodine number of the fatty acids 
being a little higher than that of oleic acid. 

The following figures were obtained for the iodine numbers 
of the liquid fatty acids from lard, etc. :— 

Pork fat.93*8-95*6 per cent. 

Leaf lard.85*4-88*0 ,, 

Beef stearin.87*9-90*9 „ 

Olive oil . . . .... 8 i*9-93*4 u 

Cotton-seed oil.133*0-139*0 ,, 

Earth-mit oil ..92-105*8 „ 
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See also p. 304, A f>roces.s differing somewhat from that 
hitherto employed for the preparation of the lead soafys, and 
one that is used in the laboratory of the l^aris Ikiursi:, is given 
below. 

About 10 grins, of the solid fatty acids arc dissolved in 
100 C.C c)f ether, and 3 grms, of zinc oxide arc added, the 
whole being then well nhaken up for some time: zinc soaps 
are formed, of which the oleates are mduble in ether, llie 
solution is then filtered t>y the aid of an aspirator, the ether 
removed by disfillatioiL and the residue mixed with 20 cc of 
hot dilute hydrochloric acid (i : 4). Thereiipoa it is washed 
twice with hot water in a sefjarating funnel, and filtered and 
dried as descrilicd ah«*ve. 

Pure lard gives flu: fc*Hovving figurt!s:— 

Itidine d‘/////AT e/ ikt (Ufir Jr/V.—= About 0::!. 

Rtlf’meinmeier imiix,- .« 44 - 45 . 

Ill the case of iriixtiires contaiiiiiig vegelablt,: oils, bolli 
sets of figures are cciiisiclcrably increasecl in coiiHa|«eiit:e of 
the presence of liiiolic aiicl linolenic acids, fSee pp, i lo, 147 
and 148). 

Other tests which may iMi applied are the Ifitipheii te»t 
and the nitric acid tot Halphcjii takes l or 2 cx. of melted 
lard in a test tube?, adds an eciiial voliiiiie of iimyl alcohcd, iiiirl 
the same of a i f»r cent soliitiofi of Htilphur in carbon bi¬ 
sulphide. If cotton-seed oil in present, a crimson colour will 
be develojmcl within half an hour on heating in the water 
bath, 

lli€ nitric acid test consists in taking l or 2 c,c of melted 
lard and shaking vigoroiifily ivith an equal voluiinc of nitric 
acid, specific gravity 1*375, in presence of cottoii-smJ oils, 14 
chocolate brown coloration qiikkly cievtdcipi. 

It must be remarked, hoivever, tfiut in the purificiitioii of 
cottori-«ecl oil or on heating it to a high tefii|>erature, the 
coiwtitueiits which yield the above reuctkins arc more nr less 
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destroyed, and the oiaterial thus treatccl idthcr dues imt 
respond cir only responds feebly t«i these reaclicnis. 

Scs«aine oil, which is sometimes used for adiilteratiiii^^ bird, 
may be detected by the Baiiclcniiii reactani. Hits consists in 
shaking the melted lard with one or two c.c of conceiitriiteci 
hydrochloric acid and a pinch of cane sugar, when in presence 
of sesame oil a pink colour is formed. In place cif sugar, ii few 
drops of a I per cent solution of ftirfiiro! may i>e employed. 

Karth-iuit oil is detected by the presence of arachidic acid 
by the method recommended by Kenarci The lard is siiponi- 
fied with alkali, the fatty acids separated by hydrochloric acid 
being dissolved in alcohol and precipitated as lead sails by iiikb 
ing lead acetate. The lead suits soluble in ether are icpariited 
by shaking with this liquid, and the itiscilitble lead salts de¬ 
composed by acicL The solid fatfy acidi thus obtained are 
dissolved in 90 per cent alcohol and set aside to crystallise 
The crystals which sefMrate are washed with alcohol and their 
melting-point detcrmineci Arachidic acid has a melting- 
point of 74 ** to 75*5''- Ky taking a weighed quantity of the fat 
and also weighing the arachidic acid an approximate icleii of 
the profK)rtion of earth-nut oil present can be formed. Earth- 
nut oil itself was found to yield about 5 per cent, of arachidic : 

acid. 


Beiec^im r /Pamffm fFirir,---About 5 grams <if the fat m I 

siiponiied by heating with rj grams of caustic fiotash and a 
little alcohol, the alcohol is emiM>ratoI off and the soap I 

dissolved in warm water. On cooling, the will be | 

turbid if paraffin wax is present, olherwiie^ it i» qtiitc clear \ 

and transparent 

On heating the liquid some of the wax rises to the surface r 

in minute spherules which, 011 cooling, show a characteristic 
striated surface, faraffin wax will be found in the utmapofib 
iable matter which will therefore be greater In amoufit than 
UiuaL f 
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Medicinal: for ointments ; cosmetic: fc>r fiorriades^ 
creams, etc.; alimental fairposcs: as erlible fat, and for conk- 
inj4 and frying : soap-making. 

Lard Oil. 

By pressing lard at zero C- lard oil, which does not set 
even at comparatively low temperatures, is obtained, leaving 
Ijehind lard stearin, consisting of palmitin and stearin. Lard 
/>il is thinly fluid like olive oil, pale yellow, and still coiitatns 
(according to the methcxl used and care exercised in its pre¬ 
paration) very variable quantities of ixilmitin and stearin, on 
which account its specific gnivity anrl setting-point fluctuate 
considerably. Commercial lard oils have tlie following con¬ 
stants : ■ ' 

H|ic*tifi€ ufavtly .*ii t%'C» . . . . . u'liU* 

Han««ilf}ciiii«iii fiUfiibcr ...... 

IcMliiir tiumlicr ....... 

llufractive index at 4<P 045,11 

The free acid is usually very small. 

'fhe constant.s of lard stearin are as follows 

Specific gravity at 35** C. •«oji 

Meitliig-poifit ....... 44*3* 

Ht|wiiiicali 0 » ntnnter . . , * . 

Iodine naiiibcf 44‘a4*54*j 

Mtfractlvc Index at 40'^ . * . . . 1*4571^0*4514.* 

Thin ciil fnick employment m an edible oil and for lubri¬ 
cating purfKiseH, as well m extensive use for wcxiLsoftcning, 
replacing olive oil and sjierfiiaceti owing to Iti lower price, 
and being also used in France, Erigknrl, and America for 
adulterating these oila The solid portion left tjchind in the 
hydriiiilic press forims a very suitable materia! for Ciiiidle- 
makings and m krd stearin is iised for stiffening fluid krtbi 
coining (like lard oil) principally from America ((jiiciniiatij, 
it finds a market in England, France, and 
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iiKKF Marlow. 

Raii^ MaRrml- .=llic iarRe hc^Ilciw hcmcfs uf tin* tix corilaiii 

a fat or marrow which is similar to tal!cjw% and is iiificjhitai 
for its characteristic taste to the cellular tissues mliich liccnin- 

pany it. 

/^rif/^amii)m,"ll\v. hcjiies are oixaied, /.o, split or saiui, 
whilst still fresh, the marrow from old hones has no cspeciti! 
value, and is then only cL'tssed as bone fat. It is carefully 
melted, separated from the cell tissue by ^Mraiiiiiig, and slorefi 

in a suitable iiiaiiiicr. 

CoiistaiiiH of beef marrow 


Sfwilk gravity tl 15"' . . , . 


Holiiifyittg fMiiiit , . . , , 



I 7 T.I' 

Acid fiiinil»r 

» • II 44*rh 

Sapoiiiicttifjii nwnbtf .... 


Iodine ftwnltef ..... 


Eeffictive index ai ^5"' .... 



f/w,—For alimentary purposes; as an addilion to soups 
which it streiigtheoH; in cosmetics: for {loinades, oiiitineiits, 

etc. 

IR—USE!) IN IMDIKFRIAL ERdllliSSEH. 

Tallow, Bkef Tallow (TAiih RixifriTAWL OriihLK- 

TALfs UNNtllLITT). 

Raw Maiftiai.- The fat of riiifiiiiiilirig aiiiirialH (fixcii, 
mm% steers, calvesj, which ii enclosed in the ctdlulitr lii^iie 
and is itill com mingled with |»rlick*« cT skin or bicMid in 
larger or smaller c|uaiititiei. As sooii as the beast fins t«*ri 
slanghterecJ, flaycci and cut up, the fat m sorted iiito crude 
prime (Eolikcrn) and cr^cie cuttings CEoImtiiii:hriilt). Tlie 
former, the kidney fat, cciinprlues the grealer cohemiit fat 
maiies which are dtiignttijcJ^tccorclifig Ici their powtiini in the 
b^y, m Intestinal fat, heart fat, lung fat, neck fat, piirse fat 
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(from the scrotum)^ and kidney fat, and m almont f)ure kit, free 
from particles of blood and flesh. 

I'o the second category belong the wusU*. fats, (opionsly 
interspersed with portions of blood and .skill, fnim tlic! limbs, 
etc. These crude cuttings come into the medter’s hands in a 
coiiiparativtfly fresh state, whereas the waste pieces sepiirated 
from the meat in trimming arc collected slowly mid sfiiiie- 
times have commenced to putriiy, enving to the leiigth of 
time they have been saved lifi to make a respectable qtiaritily 
for delivery to the rneltcr. If only a little more cure were 
taken in storing the fat, by hanging the piecers up to cool find 
dry separately instead of throwing them into a heap whilst 
still warm, the very rapirl put re fad ion of tlit: particles of 
bkM>d, flesh and ceTnIar tissue WfHild be* preventerl and the 
fat-'nii*!li!i,4 firoccss no loiig^fr atleiided.witli sutdi malodoroits 
ex habit ioi IS. 

Also in the tiillow-iiielting works, large parcttls which 
cannot be workuc! up iil once coiiid Im preserved, tiy siiitalile 
cold storage and salting, to postfioiii! if even for it lew days, 
the cleccimpcBiticiii of the iiitfogeiioiw fitalters, loir llie pro* 
j^ervatifiii f»f crude tallow clestiiicai for aliiiieiitiiry piirposis, 
Schaecikr profxises the folloiviiig irielliwl: lltc fat h placed 
in vain ccintiiiiiing water and j tfi 4 per cent of kveii and w 
there left, the leveii iiiidergolitg roiitiniial decoiiiiiositioii mid 
tlie:reby protecting the fat from alttiospfieric oxygen. The 
acids—iicetic mid lactic acid' foririiid dissolves flic? itiiiirial 
inerri!>raiie and exficiie the fat, mi that the ritsiciim left behind 
in the eiistiing fwice^i of meltiiig in litil small Ihe residual 
water iiitiHl lie treaiecl like ttiaiture heap dritiiiitigs. 

Pre^firimg’ ihe 7^aiim&,--By melting the crude tallow 
and presiiing the reiiidtial celliikr tisiiie, f»rticles of fleili, 
etc. 

loir the ralioiial utiiizatioi) of the critde tiillciw it rriiisl be 
reduced to sipall pieces, liecatisc tie fat m not merely iiiixed 
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with tissue l)Ut alsn ttiuic^seil in eel! ra|isiilr'. ; In* tlii;. lifstl- 
incnt the aipstiles arc* niptural anti the uiitflow «4 the fat 
facililaterl. The; -which is mostly into Niiiail 

cubeS”.-is cffccti!d either on woocieii lilncks with a siraiplit- 

crimed chopper c»r in a kind of staiiipiii|^ with a |irstle 

or pounder haviii|,j an S«shaped c’d|..tta an arra»|4c:iiiriil 

such as is sometimes used for up roots for ftaidi’r. 

Another form is a knife Wfirked on a with one hand, 

whilst thi* fat is laid on the blrrck the other. In hliipjand 
cal^c: runners are used for cru.shini^ aricl breakini' down tlic 
cellular tissue. Fat cutters with rotafiiif^ knives Inm: Figs, j 
atid 4j arc also suited for fierffiriiiiiig tltc ojicfnitifiii liy 
madiiriery. 

'fhree different iriethock are {iitriiued in inellirig cnif the 
fat 

I. The ordinary melting in an open |»in over direct fire 
(the so-called greaves method or dry reiideringj; 

2* Melting with dilute stilpfuiric acid over dired firi! 'wrt 
rendering); 

3. Melting by steam or in a cdoNcd apparatus f#f suoii; 

kind. 

As ill the case of other factories, lalknv-iiiidtirig work^ arc 
subject to certain official sanitary regiilalicjiiH, cither 

prohibit the work being carried on in iiikitiiled districts or 
fiermit it only under restrictions chiefly coiicxmcd math llie 
suppression of the Iiisiipportiililc exktkilioiw alleiickiiii on tliifi 
industry. Melting over direct fire is iiow coiifiiicfl ici strmll 
works, larger factories efii|>Ioyiiig only the iTielhods sficdficd 
under 2 and 3. 

I. Mdiing in 0pm Pam mmr Dimi Fire {Kemitring 

In this, the oldest method of all, n sheet-iron or c,op|ii?r 
pan ii set in brickwork so that the flame iinpiiigcs on iht: 
bottom only, since otherwise the fatly mass would liccoffie tfio 
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strongly heated The crude fat, along with a small propor¬ 
tion of water, is placed in the pan and the fire kindled ; the fat 
soon begins to run and finally forms a liquid rendered some¬ 
what milky in appearance by the water initially present in the 
tallow and that added thereto. The expansion of the fat, in 
liquefying, ruptures the cellular envelopes, which then, under 
the influence of the continual heat and the evaporation of the 
water, contract and form, as it were, crumbs (the greaves) 
floating about in the fatty mass, the latter by degrees becom¬ 
ing clear. According to the size of the pan and the strength 
of the fire, as well as the amount of water present, the opera¬ 
tion lasts from one to several hours, the mass having to be 
continually stirred with wooden paddles to prevent the residual 
tissue subsiding to the bottom of the pan and becoming car¬ 
bonised. When the fat flows quietly and seems clear the pan 
is emptied and the greaves separated, to which end a strong 
sieve of sheet-copper of a diameter corresponding with that 
of the pan is placed in the latter and pressed downwards by 
means of the handles, so that the liquid fat rises through the 
perforations whilst tbe greaves are forced to the bottom. 
The tallow is then ladled out or run ofif, through a tap'at a 
convenient height at the side of the pan, into a wooden vat or 
other suitable vessel covered with a filter cloth stretched over 
a frame or laid on a perforated plate, so that any residual 
particles of tissue still in the fat are retained, and the tallow 
freed from all solid matter. If the tallow is to be refined at 
once it can be run off into a second pan standing at a lower 
level. 

In the melting pan there remain the greaves with some 
adherent fat—it being impossible to remove all the fat, how¬ 
ever well the copper sieve may have been forced into the 
mass—and these are now subjected to pressure, the contents 
of the pan being filled into press-bags of woollen or horse-hair 
cloth, which are then placed in the greaves press. One of the 
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t#!{it!s! funiis of >yc<i for this jnirpost! is Iht* scrum* 

press slifiwii ill Mp. !ii this Ihr coutaiiiiiii* 

greaves is placoi in the f‘>iiiifirr 1), whii h is iiiaflr in tuo 
halves comiectefi liy scrtrws, am! consists of |ilaitefl stroiig 
iron wire or perfonitrd plait* slrciipjheiicd by ircai •••.truts. If 
is open at caids anc! stanii*. in a -dieet-ircui Irciiigh A liltef! 



lAn. fji, l»*i r, . ^>.nJo il4sr4l»io:r ; I,, i.til 

Iriltlifi flisli, IC ; Icftaiu*!; lA |*!rs% lir,ifl ; Ct,'4ir*# -^isspllr : If, 

stirw Mft.kf’l ; J* levri, 

with an outflow 11 ;\l llie iipjicr eiici llie jires^ head 

F fits actnirately in the cyhiifler anil in umved tip aiid flown 
by the strong screw spitidlf! C# ivorkiiig in the ff on 

the cross iMiitifisof llir press fratfie aiifl flriveii by l!ir kwrr 
chuii exerting a strong pressiirtr mi the greaves aini uxjirtosiiig 
the fet 

littproveci fircssfiits for greaves are clisplaycrl in Figs. ?cl aiiil 
64 that with ralcliel kwer gear fiirnisliiiig very good resiiiis. 
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Other presses, notably hydraulic presses, may, of course, he 
also used for the same purpose. 

The greaves presses arc always placed near tiu! 
pans or in some cAher warm situation, in order to prevent tIu' 
tallow from setting. I'hc yield obtained by melting criicie fat 
anioiinfs to 8o-»tS2 per cent, of tallow and 10-15 cent, cd 



P'ici. fij.—-Circaves prw wiih ratclic:!, k*vcr gear, 
resiciuc (greaves) ; very pure and <iry crude fats, such as 
kidney suet, yield 90 fx^r cent, and upwards of pure tallow. 
The loaf or cake tallow is obtained from the melted tallow 
ladieci out of the pan and j)oiirecl into wooden vessels, the 
yellow coloured product from the pressing of the greaves 
forming cask tallow. 

Occiisiorially a weak brine is added to the tallow in the 
melting pan, its action being to allow a higher temptrralurc in 
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bon bisulphide or benzine, etc., and the product employed as 
a lubricant The residual greaves, which, when no carbonisa¬ 
tion has occurred in the melting process, consist of pure 
cellular tissue, may be worked up for the manufacture of glue, 
ferrocyanide, ammonia, manure, or nitrogenous charcoal. 

As already mentioned, malodorous vapours and gases are 
evolved into the air during the melting of tallow in open pans 
and infect the neighbourhood. These gases and vapours con¬ 
tain, in addition to volatile acids (acetic and butyric acids), the 
constituents of the empyreumatic animal oils, such as am¬ 
monium cyanide, ammonium sulphide, sulphuretted hydrogen, 
pyridin, picolin, lutidin, etc. Acrolein vapours should not, 
however, occur, their formation taking place at a higher tem¬ 
perature than is necessary for melting tallow. 

The inconveniences resulting from the open pan melting of 
crude tallow can be obviated by means of suitable contrivances. 
These comprise a tight-fitting pan lid provided with a flue 
pipe, through which the vapours can be drawn into the smoke 
stack and discharged into the air at higher levels. 

A stirring apparatus, worked from the outside, rhust, of 
course, in these cases be employed. The gases can also be 
exhausted direct by a current of air. Appliances constructed 
on these or similar principles are supplied by Thomson, 
Errard, D'Arcet, Wilson, Buff, Fourl6 and others. 

According to Schaedler, the process of melting along with 
caustic soda is greatly under-estimated, notwithstanding th^' 
the malodorous fatty acids are, by this method, brought into 
combination. The temperature need not exceed ioo°C., lOO 
parts of fat being mixed with an equal weight of a i to per 
cent, caustic soda lye and heated by a current df steam. The 
cellular tissue is greatly distended by the alkali, and the floating 
fat, after being kept in a liquid condition for a few hours to 
clarify, is washed with water, 95 per cent of an inodorous fat 
being obtainable by this means. The alkaline wat^r when 
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siibscc|iu;iit!y trailed uitli aeidN yjvrs off' .’ui Mcloiir «4 the 
vcdatile fatty acids derived ti'fifii tiu: uriyiiial fat. ’riiis iinlJuMi 
is, however, iiiv-^iiitable lor veiy u!d fats, aifua*^nia litdiie in 
such cases evolved, 11a: mass alsci Iroihs up ver}’ consider¬ 
ably when licated and the separatirm of the fa! iroin the 
emulsion of lye is atleiidc:*! with iiiiich diftieiilty. 

a. J/c/////j;‘ as//// ///////e ,V/////////7r .4tit/, 

prefers to iiiidt tallow along with dilute siilpliiiiir 
acid, tcK) parts of lailow {Mung, as a rule, employed mdtii >cj i4' 
water and i of sulphuric acici fspecific gravity, rK4Kj. Wlirn 
the mixtiirt; has liceii lieatoi during several hours, to siicii ai 
deptree that the dilute acid l>oiis coiitiiiiioiisfy, the wliok: of the 
hit will be gradually cibtiiined flcmtiiig cm the surface, liecaiisc the 
cells of the fiitty tissue are, for the most |>art, destroyed, and the 
fat lihcratefl On exaraining the greaves under the iiiicroscnpe 
it will l>e found that the still unbroken cells no Imiger contain 
fat, but are filled with dilute sidphiiric acid, which lias 
trated into the interior and expidkrd tht: fa! tlierrforni, 

Ii*Arcet*s process presents ti’ii: ad van! age of rec:ovcriiig tlic: 
of titc fat without tfic necessity of preH-^iiig !hc‘ greaves, 
since the latter merely contain dilute siilpliuric acid. An iii» 
convenience, however,atteiids this process in that tin: rtrsiiliing 
greaves can no longer be cxchisivciy employed as ffidiier, 
though it is erroneous tfi assert that lliey are altogetlier liiifil 
for that purpose, since iiiiirierous cxjierimeiiis have deiiiijii- 
strated that such acid greaves, wlieii mixed with other focid 
stuffs, can very well be iiscci for feeding pigs wilhnitt the Iiilter 
losing their apf^tite or the power of laying cm flenti. The chief 
drawback to the D'Arcet process is that ir<iii being 

rapidly corroded by the sulphuric acid, aiiificit Im used, and 
recourse must be had to inateriub (1*4^, leacl) tJiiattiicket! or 
only inappreciably affected by this acid* To avoid tiiaking 
tie vessels too hoivy, as they woiilci Im if coiistructed of ieitd 
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alone, iroii pans are lined internally with sheet lead a few 
millimetres in thickness, the joints of tlic plates fanny; of e«mrsr 
soldered autogeiieously by pure molten lead. W'hen steam is 
available the treatment of tallow by the sulplinric* acid proc’es^ 
can be carrietl on in lead-lined woofien vats, er wlien wocahtn 
vessels arc easily procurable the leaden lining may Ik? omitted, 
since thcs(i vessels, especially when made of woods rich in 
resinous matter, can be used for a comparatively long 
time. 

.V/#7//\v 7 ////ere-J/c///;/^'’ PrikTss. ‘Ac:conling to Stein, the 
pans serving for melting the tallow should lie fitted with a 
grated false bottom support tht.‘ greavers and prevent their 
charring, the empknnnent of stirrers thus hcaioming uiineces- 
sar }7 llie f?an is fitted with a lid perfdraterl and c*< Aasrc‘d with 
a lini'U cloth support in;,; a laycu" inches t!nk:k,of alter¬ 

nating strata of lime and iiiarcoal, tlinnigji whicli the ewakved 
gases ascend and arc thereby defRlorisctd. 

This di.siiifectiiig layer iiiiHt be reiicrwed each lime the pan 
is recharged, a troublcsornc task and one clisliirhirig the regie 
larity of the work. Btirnirig the vajKiiirs always affords the 
most satisfactory soliitinm 

Remirds enure! tTiipIoy*i for 

the destruction of the ccdlular tisHiie a substance, wb., caustic 
soda, which acts even more eiicrrgetically than Hulphuric acid 
on organic substances. As is well known, caustic soda in 
comnimi with the other caustic alkalis has the power of clis« 
solving animal integuments with ease, Sifice, however, the 
alkalis *i!so fiossess the power of safioiiifyirig fats, a cotisider- 
abk loss of fatty matter would ensue, frcuii saponification, 
were a large f|iniiitity of caustic soda eitiployed, soaps solulile 
in the water used for irielting fadiig formed; hut if the caiiHlic 
alkali be employed inerdy in proportion the sapoiiifica- 

ticiii of ihi! tallow need not forefl, very diliitc solutions of 
iilkali iiltackiiig the fat only after somewhat jifolriiigcd bfuliiig, 

11 
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whilst the complete destruction of the cell capsules is accom¬ 
plished much quicker. 

The use of caustic soda is undoubtedly preferable to sul¬ 
phuric acid in tallow melting, the yield of tallow obtained 
thereby being the highest possible. A drawback—though 
not one to be greatly emphasised—to this method is that the 
greaves are lost, and the liquor containing the decomposed 
cellular substance cannot be used for any other purpose than 
the watering of dung heaps. 

The process, as originated by Renard, contemplated the 
use of alkali carbonates, but there are many reasons for pre¬ 
ferring to employ the alkali in thq caustic condition, since 
though the carbonates have, it is true, the power of destroying 
the cellular tissue, the operation is a much more protracted 
one than in the case of caustic alkalis. Moreover, the use of 
carbonates in nowise precludes loss of fatty matter, the solu¬ 
tion of these salts being capable of emulsifying the fat and 
dividing it into extremely fine globules, thus forming a milky 
liquid. 

The quantity of. caustic soda to be used in this process is 
relatively minute, i part dissolved in 100-200 parts of water 
being generally quite sufficient for 1000 parts of tallow. 
Only when the tallow under treatment contains a somewhat 
large proportion of cellular tissue may a rather larger quantity 
of caustic soda be taken; otherwise the boiling must be carried 
on for a longer time. 

3. Melting by Steam. 

Naturally, the melting of crude tallow by the aid of steam 
in closed vessels offers the greatest security for inodorous 
working and most complete utilization of the materials, on 
which account this method cannot be too warmly recom¬ 
mended. Various appliances have been constructed for this 
object, notably those of Gellhorn, Flottmann & Co., Lock- 
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wood & Everitt, Rivoir, Heintschel and others, as already 
illustrated and fully described in an earlier section of the f)rc» 
sent work. 

Properties of Tallow. —Beef tallow is hard and solici, pale 
yellow or white, tasteless and inodorous in the frcsli state, 
but assuming after a short time a rather unpleasant char¬ 
acteristic smell, without, however, becoming rancid. It is 
insoluble in cold alcohol but dissolves in boiling alcohol of 
specific gravity 0*822, as also in ether, chloroform, warm 
benzine and ethereal oils. The elementary composition is :~ 


Carbon ......... 76*50 per cent. 

Hydrogen.iT'Qr ,, 

Oxygen.ii^*59 t* 




, Specific gravity at 15'^ C. 


<>•943.0*957. 


„ „ 40" C. . 


. 


Solidifying point 



■ i ' i '- yi ' 

Melting-point .... 



. 47"'*4H*5' 

Saponification number 




Iodine number .... 


. 

35 ' 4 - 47'5 

Refractive index at 40° C. 


. 

1*4596 

Hehner value .... 



05-4-96 

Fatty acids— 

Specific gravity at 100° C. 



o'SegH 

Solidifying point . 


. 


Melting-point 

. 

. 


Neu'raliaation value 


• • . 

. 197*2-20): *6 

Iodine number 


. 

25*9-413 

Refractive Index at 60° C. . 

. 

. 

x*4375 


Beef tallow consists almost entirely of palmitin, stearin 
and olein ; the percentage of the latter can be calculated from 
the iodine number. According to the parts of the body from 
whence the tallow is derived, the proportions of olein, stearin 
and palmitin vary, the softest and richest in olein being the 
pure fat from the scrotum; the richest in stearin, and con¬ 
sequently the hardest, • that from the intestines. Schaedler 
gives the average combined percentage of stearin atid palmitin 
as 661 per cent. 
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Mirri'iis 'Fallow (11 wbill'i \lo . 

Kaiu .IfahTml -I'litt arc:uiiiyla!icHi'. of fat in \hr and 

tissues of the sheep. 

I^ri^/^arafim.-'-Llkt: !)eef tallow, by iiicdlini.* and In* pres- 
sin|4 the residual tissues frruii tlie nieltiiiL^ process. 

Mutton tallow is .similar to hcx*f tallow tail 
is less hi|»h!y rolotirecl, beiiip whiter, rather harder aiic! iiiciri! 
brittle. luitially iiioilorous it assiinies, alter a bricff exposiire 
to the: air, the welldiiiowii characteristic siiie!l am! itisiv. of 
iiuitton, very quickly beccjuies niiirJfl and agrees in this 
proptaty witirgoat’s hi, which it then re.H«:ii3ib!cs ill sinell 
llicse fjflcmrs are diicN accordiiig to Cdhevreiil, to a vcilalilc 
fatty acid (liircinic acidj, which is, however merely a mixture 
of butyric acid with other volatile fatty iicids. 

The composition of mutton tallow is very similar to beet 
tallow, the constants beiniJ given below 

Specific gravity lit ly* C. ....... <rfl37.tri;i5;l 

Solidifying point ........ 

. ... 4 .F- 4 t|" 

Saponification nuiiilicr ....... 

lodixK: nurnbof ......... ;p7 ‘.|IVa 

Hehiier valuer ......... 05*54 

Kefiactivt index at Co C. , . . . . . . I’lSoi 

Fatly acids^ 

Solidifying poiitl ........ 

Mcltiiig-'poini ....... 46’^ 54' 

Nciitralization nuiiilicr ....... if|li 

Iodine iitimlxcr j4‘8 

Mefraclivc Index at C. ...... f4J74 

Mutton tallow is soluble only in over 60 voltirnes of cold 
ether or 45 vohimes of bniliiig alcohol of s|;M.xific gravity 

0-821. 

It contains f)€r 100 piirts—- 


Carton . . . , . 

. . . . . yli'ii per cent. 

Hydrogoi .... 

. rrtt| ,, 

Oxygen ♦ , . * 

. » . . » tr|fi „ 
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and consists of about 22 per cent of stearin, 31 f)er cent, of 
palmitin and 47 per cent, of olein. 

The olein obtained by pressure is colourless, witli a faint 
ofioiir of mutton and a .sfx of 0*913 at 15 ; Ho parts 

arc dissolved by 100 parts of boiling absolute alcolnd. 

/(kime I Wuf. } 2 . 

On account of the crystalline appearance of the stearin 
yielded by this fat, mutton tallow is preferred by candle-makers 
to that of the ox ; very frec|ucnt!y the two are met with 
melted together. 

/ Similar to those of l)eef tallow. 

'Fali.ow OtL. 

()ic;in or tallow cn’l (ta!g(jl) is o!)taincd from f)ec:r tallow, 
as also from the other tallowy fats mutton fat and goat fat — 
by seeding and pressure. 

‘iliis tallow oil is soinewdiat thick ami pulpy, ami is higjily 
siiitiibk* for the manufacture of fine soaps, provided the colour 
of the commercial article is good ; it is also used in lubricating 
machinery. The press residue forms the ordinary stearin caf 
commerce, !ii order to deprive the tallow of its entire 
content of olein, it is fiieltcd, then stirred cotitinually until 
nearly cold. The mass is left to cool in flat tin moulds, the 
cakes wrapf)ed in press cloths and pressed tetween iron plates 
in the hyriraulic press, whereby the olein is forcterl out, leaving 
the stearin and palmitin behirKi 

llie value of the olein is greater in inverse firoportion to 
the amount of solid fats it contains. 

There is a distinction between tallow oil (olein) and oleo» 
margarine (styled '^cileo''), the latter being prepared from 
fresh iiiimclted beef kidney fat by firessiirc, and used either 
direct as an edible fat or mixed with oil and milk and worked 
up into artiicia! butter (margarine). 

Tallow oil is a licjuid solidifying in winter time, of a 
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Specific i^ravity of 0*94 at 15 C*. It is oiuch more rraflily 
soluble than palmitin or .stearin in ab.s(»lutt: alrc^hul, but it is 
insoluble in dilute alcohol. In the same way tliat okac acid 
is converted by the action of nitrous acid into t!laidic acid, so 
also olein, under the same conditions, pas.ses over intcj a solhl 
isomeric state, forming edaidin, consisting of crystalline 
nodules which melt at 32*' C. according to Mayer, or 3K'' C. 
according Duffy, and dissolve readily in ether, though 
aimers! insolubk: in alcohol 

( Heomargariiie has the following ccnistaiits 


Specific gravity al 15 " C. 


Melting-point . . . . 


Sapcinificaiioii numlicr . 

siiyi>u/7'4 

Free fatty acid« . . , , 


I^ine «um!«f .... 

•H-sr.r 

Hchner . . . . 

95-5'> 

Eclchert .. 


h'atty acids 

Melting-point .... 

. . . . . 

Solidifying point 


and consists of: .. 

Triolein ..... 


Tripiilmitm .... 

. . , , isT»-,|ii‘o 

Tri«tearin . , . . , 


Tlte commcrcifil grades are: 

Melted tallow, press tall- 

or stearin, and margarine. 

The constants of beef stearin 

are as follciws: .— 


Specific gravity ai . * . . 

Mclting»poi«t 

Solidifying point *1 1 ’S'*"*# Tl’* 

Saponification number ..... t§4 ii|f) 

Iodine number ....... g.ij 

lefmetive index at as** C ..... 


In the Paris market tallow is sold on the "titer " or set- 
ting-point of the mixed fatty acids. 
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According to De Sc}iecpf)cr and (ieitcl, tallow and .sindlar 


fats, etc, have the siibjoinec 

setting-points: 



I’allow .... 


|0 ,|fl 

C, 

OlcooKW'i'arine . 




Meaiin .... 


5 ci-y' 


Mutton tallow . 


4 #ia” 


Rrrf tallow 

. . . * 

443'’ 


lk>»€ fat . 


4 <»' 7 ‘ 4 ^’:f‘ 


Olive oil .... 


4 <rii 5 ‘' 

11 

Cfittoii-Hfcd <iil . 




Cocoaoiut oil 


23*0" 


Stearin . 


4 Vf 

-• 

“ if fa 

h'rench commercial brand 

which, 


when dried, htnellH snlphiiroits acifl, is green in colour and 
is |)roba!)ly a niixtiire of animal fat witli inferior olive oil). 

nf l\iil(rdK' • lk:ef tallf av is mostly a<lultcn*atecl 
with fats of loiv value, siicli as fish talhnv Avhalc tat), hone fat, 
pot fat, and latterly with distilled woo! fat. According to 
SchaedkT, such falsifiattioii Ciiiiic»l he coiinidered as fraudulcnU 
provided the product is not sold uiuler the general dcHigtiation 
of tallow^; the fidditiiiii of these fats serves to lower the quality 
of the product, certainly, but the maim fact tirer can supply 
such mixtures at lower rates for industries where piirtty is of 
no importance. Adultenttioii of tallow with cheap fatty acids» 
notably those of woo! fat, is indicated by the Minell, which 
cannot Im completely removed riuring the distilhation of wool 
fat. 

1'i.illow’s falsified with fish talknv have their inelting-tmint 
lowered considerahly, and can he recognised In a siq^erficial 
riiaiiiicr by the siiitdl of fish oil evolved on gently melting the 
fat along with cominoii salt There are other adulterations 
practised by the jwldition of starch, potato flour or mineral 
substances, which can identified, as in the case of lard ; 
while cotton-seed oil is alsi'> used as an adultcniiit wlten tlie 
price fxrrinits. 












ANIMAL I'ATS AND Olf.s. 


I ( 

KxAMLXXTION I)!' 1‘\LIJA\. 

(■/ Jf^n's/iar.^ "5 lA llu: fat arc: plarcd 

ilia tareri ^las.s iM^aker nr Ilisih a •j.^Iass rod aiir! 

dried, till anistant, at mS witli uHistaiit stirrio|^Mci pro 
vent InunpinpL If tallow Ik: niixrd with pcMash its ahsorplivt* 
capacity for water is incrcMsoci. In hucIi event the fat caiiiiici! 
!x! freed from water liy drying til inci C., the best plan then 
being to dtrtenniiie ihn content of fatty inatUna iinpiirities and 
pr>tasli, and estimate moisture by difference. 

sVm-/kfs fsoiid matters, fragments of skin, vegetable 
matter, (firt. etc.). -1020 grrm. of !al are extracteci in a 
flask with chloroform c>r beii/ad and then poured through a 
previously iarcc! dry filter, washing with the same solvent 
until a drop of the lk|iiid allowed to fall «ii piif^er leaves 110 
grease spot. The solution is then dried at lord i\ ttiid 
weighed. If on incinerating the residue a large amount of ash 
is left, the sarnplc has been mixed with sonic inorgank: sub¬ 
stance, chalk, clay, etc., the nature which can ta; ascer¬ 
tained by the ordinary processes ofcpialitative analysis. Wlitrii 
a copious organic resichii: is left after c.xtraction, it is tested hy 
moi.Htening with iodine .scdiitirm. A blue co!c.iratioit indiraltr^^ 
starchy matter (starch, flc»ur or pc»talc> pulp)^ the presence of 
which is also detectable by inkroscopic: exaininatioii. More¬ 
over, t part of the suspcclcci fat iniiy be boiled with 2 fiarts 
of acidified water in a beaker for a few mfinriciitH iiiid tlien 
placed in water at 40*'so that the fat does not set too ijiiickly 
for the impurities to subside. If iodine liiicttire tie llieii 
added, a blue coloration h inifnedialely dcvelojiecl. Ilie 
starchy matters are freed only with soiifie difficiilty from fat 
by extraction, so that the w^eight of the dried residue after 
deduction of the ash dcR!s not exactly correspond I0 the 
amount of starch present. 

Smbsiancis in water are often left behind after 

the extraction with chloroform and can be identified 
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salt) by an analysis of the residue, or else they may 
^ed from the fat by taking a larger quantity of the 
50 to 100 grams—and shaking it up in warm 
melt the solid fats, the mixture being then left at 
1 separation into the two layers (fat and water) is 
If this does not ensue, even after prolonged 
, but the fat remains partly in the form of an emul- 
particles may be united by shaking up with ether; 
ting aqueous layer being then removed by the aid of 
:ing funnel and tested. 

iuric acid, remaining from the refining process, will 
1 in the aqueous extract, and may be estimated by 
Avith caustic soda, using methylorange as indicator, 
crting other dissolved substances the solution is evapo- 
d the residue examined. 

'^eal oils, in admixture with the fat, are removed by 
: and determined by the loss in weight. The distil- 
be shaken up with ether, the latter evaporated and 
oe examined qualitatively. 

nadulterated tallows the non-fats consist mainly of 
s of skin and gelatine; in bone tallows, calcium 
:e may be present. 

sionally soft tallow from cuttings is found to have 
[Iterated with lime which was stirred in whilst the fat 
tie liquid state, the result being a hardening of the 
i>wing to the formation of a lime soap. In the ether 
oform extraction for the determination of non-fatty 
xis admixture is left in the residue, which must then 
>yed for its estimation. 

examination of the dried and filtered fat is not con- 
rely to the detection of adulteration, but is also per- 
i^ith the object of determining the value of the article. 
'^'mining the Value of Tallow .—According to Dalican, 
le of the tallow increases with its melting-point. 
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Wulkttnhaar c-onsiclca's that tallow a |i«hnt of 

less than 40 is inaciniissihlt*, whcTta'ts iLilicsaiL who, with 
greater cf)rrec:tat:ss, clcicrniinns the value by flu* settiii|.o|Miiiii 
of the fatty acids (tallow nhv.Ti 44 C\ as the lowest 

limit therefor. I'hc clcttcriniiiation of the nieltiiig-poiiit yields 
results varying coiisicierahly* acaiiriiiiig to the \%*ity the test is 
perforined, it ap|H?ars therefore ta he lucire afivaiitageoiis to 
determine the iiuritiniL” and KUiils «if the fatty acids 

f>!>tained from the fat. 

I'hc: hillowiiig tahle by Daliraii is user! in c,if idle works If* 
calculate the yield of scdid acids {cmnmcrchil stearic ■ stealir 
and palmitic) aticl oleine (crude oleic acicli obtainabk: from 
tallows of various raelting-fKiiiits - 



Slfidrit: Atii. 

illeic Arlfi 


i%f Cew, 

Ceiii. 

3S 

35*aii 


37 


L5*3f» 

39 

33*45 

01*55 

41 


57*«K* 

43 

*437*1 


45 


43*71 ♦ 

47 

57*n5 

J7-05 


71*35 

3375 

5* 

711*51* 


53 

ijrm 

, i!*r|** 


I'hc constitution of' the tallow can lie calriihilefi frrim ilic* 
iodine nurnl)cr, either the fat itself or the fatty acids Ihercfroiii 
being titrated. Hieoretically, the indiiie iiiiiiitier of pure c.ikic 
acid is f/ro/, that obtained experiiiieiitally bang ccuicorciaiitly 
between HryH and 90*5. I’he imlinc iitimher of cileiii is 8 fr 2 ci, 
The iodine niiiTibcr of a fat I>eing fouiifl, and expressed as 1, 
then the olein |>erccnlage cofiterit O and the afTioiiiil cif oleic 
acid otitiiinable Iherefrom. Et aiii be culctilafed m follows 


c|i#*c»7 
riKri i 
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A high percentage of the licfuid fatty acids lowers t!ic value 
of the tallow for making stearic acids owing to tlie lower yield 
of solid acids and the dark colour of these acids \yhcn pro¬ 
duced by the lime saponification process. 

Deiiciion t)f Fatty Adulterations.—Ihc fatty adulterants 
of tallow are : parafiin, palm-kernel oil, coco-nut oil, ccUi-on- 
seed stearin, wool fat, mutton tallow, rosin and rosin oils, 
fish tallow and bone fat. 


FREE FATTY ACIDS IN BEEF TALLOW. 


Kiwi of Talloit. 

No. of 
SampFn, 

Aticl Viiliir, 

Per 


. HcmarkH, 


s 


i 2'S5 


Old 


. 

IlTf t7,\\ 

! 

fl -2 

I’'s:<iihor 

„ P.Y.C. . 

! 

4-4 i(r.| 


- S *2 

Old 

»f «» 

3 

4*4 4*7 

2*2 - 



Aiiiitrjilian 

4 

.!^»‘47 

. rys- 



I'owii tiUlfiw . 

2 

(fU .■•'I 4‘2 

: 4*5 » 

- 7'* 


** . . 

. 1 

5fi 

i y 


(i ytm’h f>lt! 


Titrf: Tksi' uf Tallows, 

The accom|>anying table by iJiilicaii and Jean shows the 
tiler test cT several different grades of tallow and admixtures 
thereof:— 


SalWc of 1‘itlUm. 


Titrr. 
Ilrgrcit L 

PariM lowfi ..... 


> 44*5 

Orcisiiary beef .... 


. . 44*0 

licef, kidiicy piiic 


• 45*5 

Miittfjii, ordinary 


. . 4b"o 

,, kidney .... 


. . 4^*0 

Bone fat .... . 


. 42-5 

Inlciiltfial tallmv .... 


. . 41*0 

St, Pcicrisbiirg P.Y.C,. 


• 4.r5 

IMcia beet .... 


• 44'5 

„ ItllIttOtt .... 


, 45*ti 

New York Ffimc City 




„ Butcliefi* A»»ociaikiii , . . . • 4 F5 
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N‘a! <rf! i4 ’1 mII©w 

1 lifp. 

i.. 

WcHlcni ..... 

. |V« 

Hunifi.h AysrrH lirrf ..... 

|V“ 

,, ,, flHlllfWl ..... 

. .| VJ 

AtisUaliao muutm ..... 


,, lirri iificl iiiiill'Hi 

. |.|'5 

lirrf ...... 

■ H'5 

Floifiii.r 

. M'5 

ViriiiKi ....... 

. ir5 


. 4 |%|ti 

Ifl.lM'fat . . . . . 

, I7*i» 

,, ,, wlifir 

. 1^7 

Siisl il’f ..... 

. |f‘/ 

f iirrij fal, Mitillficr ..... 

. 4r| 

„ „ itfly aciclif ..... 

. ir‘5 

lltHtilleil iifejifte* fMiiilffifctt .... 

. . . 

Hlattgliiitr |*tiie .... 

* 'in 

Caul fai, fiiire ...... 


Miiltofi tiillciiv* pure ♦ . . . , 

. . , 4X‘4 

iiiiiticift 75 Mlaii||htcf^lKii»r . 


Up ,, mi t. ... 

. 47*11 

Mrit ... 

. * - 

4C)*fl ,, ,* 


%tni ,, 5m» „ ... 

, I'l’ri 

40 'ft ,, fiirii ,, ... 

. i^rii 

75*t> .. ... 

. 17*^5 

ini'o ,, ... 

. 47“ 1 

,, ■iff’ii ,, ... 

, I7*« 



.|fi ’4aiiglilri4i<MiM\ f»ii fai 

. i rm 

ir4 •» „ 


,, *fii ,, 

. 4 I’M 

75 .. 35 

. |4’% 

Cwfiimcrclal htmtk aiifi filcaiic aiwl 

lliriliict . 41*11 

i» ,* 1. ». .* 

F«f# * 5l’« 

.. ' .. 

Clicliy » 

lilt: cc>iifijM:isitioii of itiixtiire?i «f iialmitic aiifi ntatrk itcicis 

cannot l>e determined by the meltitif'- or 


shown in the fo!h»wing figures by Carlinfontl an<l Ix'vi-MalvaiKt 
and by Heintz 
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Prricniai'n r>f 

Sohdifytnjt ptiiiU. 

Holulifyulf* point. 

M«4iiiij'«pott!f. 

' Sle.ira Aciil. 

I’alniitJt: Acid 

Carliiifoiiii and J 
Malviiuri. 

.t’vi- 


lU'iut/, 





C. 



" C. 


■ C. 

ioo 

a 

6S’2 





69*2 

f|U 

Hi 

65 -(jO 



62*5 


fi 7*2 

Ho 

20 




60*3 


^65 *3 

70 


60 'So 



56 *3 


62*9 

(Mi 


57-65 



56*4 


60*4 


5*^ 

56*25 



55*0 


56*6 

40 

(mi 

5 ^-tjO 



54*5 




JO 

5475 



54*0 


55*2 

-p*5 

(, 7.5 




54*t> 


55*1 


So 

55*75 



54 


57*5 

l«> 

«|CI 

5 K*.{o 



51*5 


ficr I 

i 0 

IfK> 

6 ro 





fyj. 

dlic: twci tal)k.ts appended art*; 

ils(» !>}* tht: former 

«authors 

iVri. rsit.iijr III 



6 ft 

riit.ugn III 









Siilidtlvini* ! 


Oirit' At III. 

pciuif. 





point, 

Siciwii Acisi 

Palmifu Acid. Olrir Actd. 




C. 





; '■ C. 

1 fi 

urn 

9 

lc«» 

j 

it 

in 

^ 5 

m 

'<1*45 

<|0 


HI 

: 59*2 

i *5 

H 5 

34*^5 



m 

1 57 M 

1 m 

75 

46*6 

70 



1 .5.5-f 

; 35 


5**t| 

6 « 


40 

! 5'i‘9 

i 

5"l 

55*65 



50 

' 4975 

' 55 

45 

5«f)5 

4<i 


fifi 

j 


,35 

61*25 



70 

^ 4 (* 6 ti 

! 7^ 

'^5 


10 


Hit 

i 35 

«5 

M 


HI 


go 

! 24 *« 


5 

<7‘>5 


0 


too 

: 9 

too 

Cl 

f<K-a 



‘ 


1 


Cmj-Miif Oil ami Paim-Kernei 0 / 7 .“l 1 ie prenence of these 
solid vegetable fats in tallow is revealed by the greatly in¬ 
creased sa|Mjnification value, which is, for tallow, about 196, 
lint for coccMiut oil 246-260 and for palm-kernel oil 242-250, 
also by the Eeichert-Meissl number and Folenska numbers, 
see pp 116“ 117. 

According to Kbdiger these fats may be recognised in 
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tallow by the property exhibited by their soaps of salting out 
with greater difficulty than the tallow soaps. The soda lye 
for saponification is prepared by mixing 75 grams of caustic 
soda of precisely 38*" Be. at 15° C. with 150 grams of water, 
150 grams of tallow are heated to boiling along with 50 grams 
of water in a tared basin and emulsified with 10 grams of soda 
lye, further additions of the latter being deferred until the first 
addition has been absorbed by the fat, which can be ascer¬ 
tained by taking a small sample out of the centre of the boil¬ 
ing soap solution with the wooden spatula employed for 
stirring and allowing it to run from the blade. If the mass 
breaks raggedly or draws out in viscous threads (which will 
be the case after further additions of lye), then the alkali has 
been absorbed, whilst on the contrary event a clear watery 
liquid will drip from the spatula after the turbid mass has run 
off. If this appearance does not alter, even after prolonged 
boiling, more water is added. When the operator is inex¬ 
perienced he should continue the boiling for at least half an 
hour after 225 c.c. of lye have been used up (which is always 
the case), replacing, from time to time, the water lost by 
evaporation.- The mass will then run off in a fairly viscous 
condition, and water must be added to make up the total 
initial volume of 425 c.c., 38° B6. soda lye being afterwards 
added drop by drop from a weighed flaskful until a clear drop 
of lye appears on the dropping sample of soap. This occurs 
when the following additional quantities of lye have been 
added:— 

Viennese beef tallow .... 

Beef tallow with 5 per cent, of palm-kernel oil 
• » I"® »» » 

)» ^5 »» »» »♦ 

„ „ 20 

* ''s low as 5 per cent of palm-kernel oil can be detected 


25 grams of lye 

29 

37 » 

42 

45*5 i» 





i:a\v matkhials, preparation, pRoPforriEs and uses. 175 

Ihsfi/M Jrpp//vr/.—”To detect this fat, which, accord 
to Ixopokl Mayer, is employed to adulterate tallow, the 
sample is .saponified and shaken up with ether, the resifliK* 
left after evaporatin|.( the etlier hciiif^ tested for choh:HU!riii 
^sce p. 301 > As no otltcr fat contains such a Iar|.p: proper 
tion of cholcstcrin, this test is perfectly reliable, 'llierc? are 
no tri-olyxerides in {lisfilled wool fat, only free fatty acids, aial, 
roiiseqiicntly, tallow «'id 11 Iterated with this fat will have a very 
hi]4h free fatty acid content I'he fatty acids isolated from 
such a sample will become yellow in a few days* time and 
exhibit the cliaractcristic smell of wool fat, clue to the presence 
of vcdatile fatty acids. 

de//(W (h 7 ifr fb//e;/-.SV#v/ .V/rn/vV/.—dallow falsified witli 
o>lton-seed oil or the: htearin olAained therefrom will assnmc 
a red to recldaanvn c:oloratic^n c#ii trcs'itin|» 5 IP'ums of the* 
melted sample with 15 clrops of nitric: acid (sperifie i^ravity, 
!*38 o) and-shaking up briskly. On the other hand, pure! bead* 
or iriutioii talknv imder this treatment will remain purr wfiite, 
and palffpkeriiel oil juid other fats show only a yellow colora¬ 
tion. According to Wolkenhaar this reaction is unreliable, 
since pure, hut carelessly melted, samples of tallow behave 
similiirly, and the test is only to some extent definite ivheii 
the melting-point of the sample is below 40" C., and at the 
same time the s|>ecific gravity atiove 0'B6i at roo It would 
be advisable to carefully filter such impure tallows, in order 
to remove the staining iiripurities btdcirc apfilying the test. 

(‘racaii remarks in his treatise, that in the ordinary 
methods of testing beef tallow the c|iiaiititative r€!acticms are 
not always sufficient, since it is easily possible by suitable 
mixtures to arbitrarily produce an article exhibiting the con- 
.HtantH relied on as indicating purity. He elaborated a few 
reaciioiB specially for the detection of Japan wax anrl for 
vegetable waxes iii general, in res{ject of which he opined that 
adulterations of tailow therewith were not irifrec4iieiit, sticdi 
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falsifications ht*in|;, however, sc*an cl\ !<» he appreliriifirh in 
the present Itnv prices of tallow and hipji rates prervaiiiiip for 
vcf^etahle waxes. 

If 5 ainiooiiia I)e licated in a test tiihe am! 

3 decigrams of pure tallcnv stearin he acicled ainl sliakmi up, 
merely a faint turhiflity is iiiipartec! to the li«|iiifi, fiiil if the 
same* treatment he ap|)!if!d to Japan wax an iiileiisely white 
milky liiiiimait is proilitcaai, and the saiiie resiilf is olilaiiicfl 
with fnfxtiirc*s of Japan wax tallow stearim 

W'htrn a little nitric acid, nr aqiia regia, is firatcii in a tt:si 
tube and a liltk,* piirt: tallow^ j^tcariii added thcretci, iio ciiaiigc: 
of colour is observabkg either during boiliiig or after re-cool¬ 
ing, tint the .Hteiiriii remains jiist as white as befcire, Vhrge- 
table waxes, however, when treated in this way, cpickly turn 
yellow, and fumes of nitrogen oxide are evolved cm heatiiig. 
The same occiirn in a lesser degree when mixtures of vege¬ 
table waxes and tallow stearin arc employed, h'or the fk> 
tection of paraffin, see p. 151. 

IdiK Rkfininc;, Harofnixc; axo BLK\Miix«; ui* I’ALi.tiw* 

1 he tallow olaained from the criale fat by rneltiiig by one 
or the: other methods oiciitioncd is, even when carefiilly 
strained, not entirely free from admixed imdissolved siib- 
stanc:cH, /.o, solid matters, and therefore raiiiiot be used for 
all technical purposes. Tlioiigli well acia|iteci for the prepara¬ 
tion of ordinary soaps, candles, etc, it is iiiisiiitiibie for fine 
toilet soaps, ciiid for this purpose recpiires to Im refiiiecl 

77m (f/ial/mtf cimsistH in meltiiig the miiteriii!, in 

presence of water, over a ire or by mmm of ste?iion, with or 
without the addition of certain cheinicak reputed to exert a 
purifying influence Iffie simplest and oldest nietliod is hy 
one or more re-meltings in an ofjcii fxiii over direct fire and 
with an addition of 5 |>er cent of water; the steam melting 
pre^ess, wherein a current of steam is passed into the iiielfcfd 


I 
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fat, is new. It is an essential condition of the old clarifying 
process that the water should boil without ceasing and be 
thoroughly mixed with the fat by means of stirrers worked 
by hand or mechanical means, so that the latter substance is 
kept in a state of emulsion. When this mixing has continued 
for an hour the fire is drawn and the contents of the pan left 
at rest During the slow cooling of the mass the lighter 
impurities rise' to the surface and are skimmed off with a very 
fine strainer ; the heavier and bulkier impurities, on the other 
hand, sink to the bottom along with the water, so that a 
mucilaginous layer of dirt and fat is formed between the strata 
of fat and water. 

The precipitation can, naturally, only be complete pro¬ 
vided the cooling of the tallow proceeds with extreme slow¬ 
ness. For this reason a very slow fire is kept under the pan, 
or the latter is covered up with a lid, cloths, etc., in order to 
retard the cooling as much as possible. Generally speaking, 
the fat in a pan of medium size will require about twelve 
hours to clarify thoroughly. The purified tallow is then 
removed by skimming or drawn off, through a tap at the side, 
and is placed in the transport packages, or, if a second clari¬ 
fication is desired, transferred to another pan. Very often 
common salt, alum, sal ammoniac, etc., are added to the water 
used for re-melting, an aqueous liquid of high density being 
thus obtained, from which the fat separates more readily than 
from ordinary water. 

When steam is employed for clarifying it permeates the 
tallow, liquefies it and causes it to pass through a strainer of 
very fine mesh, which keeps back the impurities. 

In addition to these two principal methods, others have 
been proposed with the object, partly of purifying, partly of 
hardening and bleaching, and also partly of sweetening the 
tallow by freeing it from unpleasant adherent smells. To 
effect the latter object (the cause of the smell being usually 

12 
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rancid fatty acids the taliow is inrlted ahaiy, with a snlntiuii 
of soda or l)cn*ax, the Mt^f/us ff/>eriiritii (lihvjwisc exactly 

the same as when water alfaic! i> iiscfL 

ifanlenin^i^ ike iaiitne is eflh-ctcai by varioiis muims. Apart 
from the old urine process (einployeci in sltwv-goini^ soap- 
boiling establishiiieiitsy the hardening process is based on a 
partial conversion of the oldii in tin.* tallow into sol if i cdaicliii 
by the action of acids* parliciilariy liitrous acicl * Alum, dilute 
sulphuric: acid, potassium bichromatf: and inaiigaiie.se dioxifie 
an: als«i employed for harfleiiing tallow, the products in fiiost 
cases being oxy-latty acids foriiied by the action of cixygeip 
whereby the final product is rendered harder and more brittle, 
and at the same time whiter in colour and alrriccst inodorous. 

According to one sjiecificatiori, a mixture of 500 grins, of 
concentrated sulphuric acicl and 500 grms. of concentrated 
nitric acid is stirred into 100 kilos of mdted tallow, and 
after allowing the ac«d mixture to react for a certain time is 
washed out again with pure water until the reaction is |ier- 
fectly neutral, the tallow being finally heatcxl over a gentle 
fire till all the water is evaporated 

When oxidising agents are employed, vapours arc always 
cvedved which contain whole groupH of the volatik: fatty acids: 
butyric, valeric, caproic and capryiic acids. Under the in¬ 
fluence of nitrous acid, on the other hand, the reciiictiiiii pro¬ 
ducts of this acifi appear in great qiiaiitity, and hydroc:yiiriic 
acid is never abHcnt. hor this reason, hardeiiiiig with this 
reagent can only be effected in closed vessels, the gases being 
suitably led away and rendered iririocumia 

If the tallow obtained from crude tallo%v by melting at 
C be allowed to cryitaliise at 35'" C and Is then 
pressed, ** prime press tallowis obtaiiieff, whilst crude cuttings 
yield, under similar treatment, ** press tallow seconds/' the 
expressed licjuid portion being in the fc^rmer case ciasfitici m 
” prime margarin ” and in the latter tnargarifi second^*'. 







RAW MATKKIALH, PREPARATION, PROPERTIES AND USES* 1/9 

The liquid portions of tallow can also he sc[)aratcd from 
the solids without pressure, since the solid crystalline sub¬ 
stances have higher melting-and setting-points than the licjuid 
products. To effect this separation the tallow is melted in 
large (|uantities (two to tliree tons at a time) by the aid of 
steam coils in large wooden vats, the vesstds being then closed 
and left at rest for eight or ten days at a room tcmf)erature 
afrout i’* or 2' C. below the melting-point of the tallow. The 
fat has thus time to cool down very gradually, and the solid 
fatty glycerides crystallise in har<l granules out of the liquid 
miss, settling on the walls and bottom of the vats in large 
conglomerate cauliflcnver-Iike aggregations. The liquid fjortion, 
the tallow oil, remains clear in the centre of the vessels and 
is then pfmred cdT, the crystalline lumps being left a while 
Ui drain and afttrrwanls melted in watca*, poured out and 
allowed to set. In this way a |)r<aiucl resem!)ling press tallow 
is obtained. Nevertheless, neither this iior press tallcw 
rightly deserves the name of ** hardened tallow/' since they 
are no longer tallow in its pristine state, stearin, palmitiri 
and olein, but consist for the most part of stearin and palmitln, 
and therefore have an altogether different constitution. 

In order to increase the whiteness of the product tallow is 
frec|tieiitly Mmc/ml, the ofieration being oftentimes combined 
with the hardening process. Bleaching is effected occliisively 
with chemicals, chromic acid, manganese dioxide and 
hypochlorites. The various methods will be merely briefly 
mentioned in this place, having been already fully described 
in the author's works oii Fais ami Oils. 

I. Hkackin^ with Chnanic Acid (m Paiassiumi Bkknmaii, 
— 100 kilos of the tallow to be bleached are melted along with 
I kilo ( 2-2 lb.) of sulphuric acid previously diluted with 6 
litres (132 galls.) of water; thereujKiii 500 grins, (in lb.) of 
powdered red chromate c->f fxitash are added and the whede 
gradually raised to boiling. When cold, the deposited acid 
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liquor is flraivu off, aiu! thr tallow witli wafrr aia! 

washuf! ill tlur warm until no arifl rrartion is rifi#si:lab!f*, 

2 . />/arL/u /Ifitl 1 o ion kilos 

of tallcnv is arlcic’d I litru of coiiiariitratcci siilphiiriu ariil ciiltifeti 
with -JO lilrtis of thu fat bciiio thfii iiioltfai aiicl iiii.xcai 

with I kilo of flu* stroiiotol mai^ancso ilioxiclu. llii! boiling 
mass is at first ririuitirocl hlac:k by the.! inaiigaiH-st: Cfuiipoiiiick 
thc?ii bluish, aiifl fmally fivlutui the lalfrr is roiii{»lc!tc!ly fiecoiii- 
postre!, wliile. It is flicil left to coiif tlii! |}k?ariiifig lit|iior 
drawn off, and the tallow freed from flu: ciiciiiic‘a!s by repeatcai 
iiieltiiigs with water, 

j. ffV/// ‘loo kilos of tallow are liciitcai 

together with a Hfilutiou «)f i kilo of soclti in io litres of walei; 
until the tallow is melted, a clear solution of i kilo of bleach¬ 
ing |K)Wcier in 7 litres of water being stirred in and tlie niixtiirc 
raised to boiling, whcreufKin sufficient dilute sulphuric acid to 
pnKluce a faintly acid reaction is gradually and carefully in 
corporated therewith. After standing, tlu! miiieoiis liquor is 
drawn off aiifl the (iiieltcfi,^ fat washird with water until no 
more acid can be detected. 

Since, in the two last-naiiiiai lileachiiig processes, noxious 
vapours producing cougfiiiig may, iinclcr fxuiaiii cin'iifiislaiires, 
be given off the operation must ahvays be airried on wdlli 
the bleaching v.it plat:«:d uruler a metal c’over disciiarging hitu 

the open air. 

7V1//1W.—o\Iefliciiial: for oiiilriieiitH: €o.siiiel k:s : for 
pomades; as a food-Hliiff: for cxfokiiig and frying, and in a 
special form as a substitute for butter; tecfiiiica! : for candles, 
soaps and lubricants of varimis kiiiclx 

Bokk Fat (KNcxiiKMrrrT), 

Raw Ma/erial—ljirgc hollow bciiitcs and short flat liciiies, 
or rather the s|x;)rigy substance of the latter. Bcirieii are filled 
with a soft yellow or reddish fat (hone marrow) which serves 
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to protect and support the blood vessels in the bone and also 
as formative substance for the white corpuscles of the blood 
The bones worked up for their fat are those of the domesti¬ 
cated animals slaughtered for food and of the horse. As a 
rule, three products are obtained in the process : glue, fat and 
mineral matter, i.e., phosphate of lime, the latter in the form 
of purified bone or as a manurial substance, or boneblack. 

Preparation .—Qriginally the treatment of bones was con¬ 
fined to the extraction of the fat, the material being simply 
boiled in water and the fat skimmed off; in some cases also 
the glue, so far as the latter was dissolved by the boiling 
water, was recovered, the residual bones being worked up by 
the turner or bone worker, or ground down into bone meal. 

The methods of manipulating bones employed at the pre¬ 
sent time may be directed to the attainment of four different 
objects :— 

1. The recovery of fat and boneblack as the primary ob¬ 
jects, with bone meal as a secondary consideration ; 

2. Fat and boneblack as the main products ; glue and bone 
meal, by-products ; 

3. Fat, glue and bone manure or phosphate as the princi¬ 
pal products; 

4. The recovery of ammonia salts, in addition to the pro¬ 
ducts named under i and 2. % 

In any case, whatever products are to be obtained, the 
separation of the fat is necessarily the first task to be per¬ 
formed. Even in the event that bone meal is the sole 
manufacturing product in view, the recovery of the fat is un¬ 
conditionally desirable on account of its relatively high value, 
and the bones are of no greater value for manure with the fat 
left in than without it In fact, they are the better for its 
removal, the fatty matter impregnating the bones retarding 
indefinitely their decomposition in the soil. 

The form in which the bones should be used for recovering 
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the fat» the sole o!)ject at prc.^eiit in view, is al\va\'s that of 
small lumps, such as are ohtaiiuai fn' passiii|r tht! hoia’s tiirciiigli 
crushing rollers set cioscl}* tf^gether. In working with lioiies 
crushed by stampirig, the meal and granules with which the 
unsorted lumps remain mixed unfavourably affect the progress 
of the operation, whether boiling or extraction, by clogging 
together and rendering the recovery of the fat more difficiilL 
Properly criislicd bones cofitain no nieal and but few 
granules, aii<l are in this form best adapted for yielding up 
their content of fat. 



lOc*. (■»%. trufilirr. fScC!ic«i.| 


'Fhe recewery of fat may be: efftxte'd in three wa}'s :■ 

L By boiling, 

2, By steaming, 

3. By solvent extraction. 

By simple boiling the bcim: cartilage is left iiltmmt entirely 
unaltered, the fat, however, being so iiti|M:rfectly extracicd by 
this operation that frequently only onedialf the tcilal ijiiaiitily 
in the bones is recovered 

By steaming the bones a iniich greater yiehl of fat is nb- 
t is true—over 90 per cent lieirig recovered fw 
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the scope of the factory, is completely wasted, even forming a 
burflensome waste product, seeing that the glue liquor, unless 
(fuickly discharged into a large volume of running water, such 
as a river, very rapidly undergoes decomposition aiid pollutes 
the neighbourhood. The easiest method of getting rid of tin's 
glue liquor is by employing it for the irrigation of the land. 
Bone meal obtained from steamed bones is more easily dis¬ 
sociated than that prepared from imsteamed bones, on which 
account it has a more rapid fertilising action than the latter, 
and is, therefore, for this reason, usually considered by practi¬ 
cal men as superior. Steamed bones when converted into 



lOci, nii.Bofic cfimtier. (Viewed from akivc.) 


bciiieblack arc cjf lower value owing to the extraction of the 
gelalhic ; they yield a black of inferior decolorising power than 
unsteamcci bones. 

By the solvent extraction process the fat is almost entirely 
extracted, only a few parts per million at most being left 
behind in the bone l‘he cartilage, as well as the mineral 
itialler, remains completely unaffected, and hones defirived of 
thdr fat in this manner may be used either for the preparation 
of a gCM>fl bone meal, which will have an abiding maiiurial 
effect, or for the manufact 11 re of boiieblack. 'Fhe solvent 
extrnclirm method is recognised as producing the best results 
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L /»V/7///;a olrk'si form of apparafiL. finploycfi 

for hone ht>iling c’oiiNi.stcf! i)f a Liry,r wn niyht -iron Ucjilt!!' st’t 
in !)rickw<a'k anri heated by dircai fire?. Thi! pan wa% first 
filled willi lKan!s up to a!>out I2 t«> ly in. froni the: brim aiui 
water run in until the loved of the liiiiiid was about K in. Iitdoiv 
the edge, heat being then applied and continued until a fatly 
layer collectial upon the* >tirfaca% this lajiiig skiiiHiied off by 
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vas run off and the boiie^ t.iLcp tnit tlio i i'. !■ 
^in’cd and Mihseqiieiitl} worked up, 

A ioiprovcnieiit oi] thi*> sep’.!:;!’ 

taining !,it !r<)in aoiuw cui>i-te?i i:i the fitter 

P la to c\ ii rider Pi perfi^ratoi fke a Acte ii: th.. 

u all!^ and >^15spirii.icti r#y a hew a cliain 

over a pulley nlLiclieii to a TLn4)Iv'iE4 crane, hr tin. 
irhicli it conk! be U jutTcd intri the bciiliiin oain 
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Fig. 6S.—Bone-boiling pan 'with lifting gear and perforated \esfiel 

In this latter vessel the cylinder was allowed to remain 
until no further notable quantity of fat could be skimmed ot^' 
the surface of the water, whereupon tlie cylinder was lifted 
•out and replaced at once by another full of fresh bones, which 
were boiled in the same water, whereby a glue liquor was ob- 
tained of sufficient strength to repay for working up into glue. 

With regard, however, to the suitability of the same water 
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for contiguous nsct with fresh r!iar|.tc*s of liuiitfs, a cliffltiri!}’ 
soon ariscN, In tluit thi! viscosity of t!ie liquid’ hcixuutrs sti great 
that the: ;iscent c^f the fat glohules is hiiiik*reci aiici they remain 
imprisfuuxl in the Iic|uoi\ water having t(i be aclcleil as a 
diluent to enable the fat to separate, besides which it tends 
to tairii on the !)ottcnn of the pan. 

Whercr steam is javailablc, the boiling is effected by direct 
steam, which presents the advantage that large wcitideii vats 
may be: userl, the amsiimption of heat being relatively hm. 

Direct steam may also be employed in the 
following inainier: the previously men¬ 
tioned perforated vessel being iiiiiriersed 
ill a wooden vat full of water, sit the bot- 
torn of which is filacecl a coiled steam 
pipe, the steam from which heats the 
water to iKiiliiig. 

2 . Aiwx.—The tempersitwre 

of Htesim increases according In t!ic: pres-:- 
sure to which it is siihjecbfci ; it abfi 
forces its way iiicirc rtradily into the* iii- 
v(!B^4:i ibf hokling tcrior of substanres thsiii ^vhen in the 
iht: hcioirs. lic|iiid state ^watery Hiese twxi faciorH, 

conjoined with the circitmstancc that siroiigiy healed fat is 
very fluifl, it follows that boiieH siibjecled to the influence cif 
fairly high-pressure steam yield si far larger c}iiaiitily of fat 
than can be obtaiiifid therefrom by simple liciiliiig. 

Highly heated steairi has, iiicircover, niucli greater sfiiverit 
powers thsm hot water, and crxerls this iiifitieiicc in the case of 
bones by converting a coifipitmlivciy large ainriiiiil cif the 
cartilage into gliie, sci that in addition to obtaining a greater 
yield of fat fronn the bones by steaming, ii more highly coii- 
'•'^ntrated glue liquor is also produced than by mere briilirig; 
mme time the steamed bones, being rendered tiiore 
w the solution of an a!>iireciabie iironortbii of their 
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cartilaginous substance, are softened and can be more easily 

comminuted. The apparatus generally used-.-witli slight 

moclifications—for steaming bones takes the form displayed 
in Fig. 70. It consists of a cylinder lo or 12 ft. in height, 
constructed like an ordinary boiler, of strong iron plates. In 
each of these cyliiulcrs, which are set up vertically and arranged 
in groups or ' 4 )atteries,” are two large af)erture.s, E and A, 
which can be closed steam-tight by iron covers and 1 k>w- 
screws. In the upper convexity of the cylinder is fitted a 
pi|>e D communicating with the boiler, and on the t>f)posite 
side of the pan is a slumt pifie H, Ixith this and I) being fjro- 
vided'with cocks. At the Ijottoin of the cylinder is a pif>e 
I., also fitted with a cock and bent forwards, and the cylinder 
is fitted internally with a perforatecl false bottom S immediately 
fWiT the doiiu^d htUtom. Generally four to six, f)r in large 
works eight and mcnx*, steamers are uniterd !(> form a battery, 
the discharge pipes I. being led into a comnum outlet, whilst 
the steam pipes IJ are supplied from a main feed pipe. d‘he 
batteries may be siirrmmded by brickwork, hut it is preferable 
to moimt them uneiidcised and merely lagged with wocmI on 
a frame, the iiitermfcliate space between the boards and the 
steamer being packed with sawdust. 

For filling the steamers quickly and with the smallest ex- 
f^iiditure of power, it is advisable to set the crushing mill lit 
such a height that the crushed bones fall direct into trucks 
which run on rails above the upper manholes of the steamers 
and are iiiilcmded there by tipping. Another set of rails runs 
<ii!mig ill front of the sccoiid manholes A, so that the spent 
iKiiies can l>e discharged direct into trucks and transported 
therein to the breakers. 

As soon as a steamer h charged with boricfi it is hermeti¬ 
cally closed, the tap H m opened and steam admitted! to the 
lx>nes by ofxfiiiiig J), The steam first entering is conderiHcd 
to water, being cooled by the bones, but after a nhort time 
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the tap being closed again when tlu^ characlerisiic sound in- 
fiicates that steam alone is escaping. 

Steaming, with periotlical removal of the fat, is continued 
until a sample of the effluent lic|ui(I shows that fjo inort! fat 
is exufiing. llic litjuicl in the steamer is then expelUal })y 
the steam, the steam pipe D c!c»secl and the outlet A opened, 
whereupon the steani is turned on again forcing the greater 
part of the charge of hones out through A, an opcratimi greatly 
facilitated when the perfcjrated falsi; I>ottom S is arranged to 
slope well fcjrward. I'he liquids obtained from the steamer 
consist of melted fat and «t fairly concentrated Sfdution (*f glue, 
retaifiing a large prcjportion of fat I'o separate these con¬ 
stituents the: lic|Uor is run into a steamqac'keled metal cylinder, 
the: c-unent of steam !>riiig, rt‘i;nilated to produca* suffua’ent heat 
to keep the glue liquor rather fluid, so tliat, on siandifjg”, all 
th«: coiitain«:d gUibulcs of fat are enabled to rise* the surface. 
Whcai tile: separation is complete the fat is ruu off tluaajgh a 
tap a! the side of tlit: cylinder and the glue liquor imincaliately 
driovn fdT through a valve in the conical bottom of tlie vessel 
to llie coficeiitratiiig pans. The glue liquor lajiiig always 
fiiirly riclg it is advisable to work it up into glue in the factory, 
since, even if the resulting product he of soinewliat low cpiality, 
the loss of valiiafik: material sustained by the heme meal or 
bciiicblack is to some extent tompeiisatcid for by its recovery* 
It is somewhat difficult, in the type of steamer described, to 
heat the mass quite liiiiformly, ccmsetjueritly the: extraction of 
the fat occupies rather a long time, wliich results in a large 
aiiioiiiit of cartilaginous substance being convertial into glue, 
lliis may be remedied by an improverl iiiethod of con- 
striiction, wherein the steam |)i|ie does not debouch into the 
top of the steamer but h mociifiial in order to stxTire the better 
distribiitiofi of the steam througli the ch<arge of fioiies. T‘hc; 
steam pipe (Fig. 71 j is in this case exteridccl to tlie ccuilre 
the steamer and then passes downward in the direction of the 
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axi.s almost to tht; hotluiii. A liunibcr of lateral aprrtures 
art! provided at various liciphfs in the pipt.a i ach of thnn hciii|* 
H«) pn^tcctcd liy a small htrul nitia! plalt^ #/ that no scilid pro¬ 
ducts can pass into the tuhe, whilst, at the saiiitj Iiiiha llie 
free discharge of steaiii is eiisiired. Thesi: proloctors i%a:re 
found necessary to prevmi! thi! oirstnicticm of the pi|H.! math 
small piccers of bone. 

llic! mt^diis tffera^idi of this arrangeinciit is easy of ex¬ 
planation : llie stcraiii passes tliniii||h the numerous ajiertiires 
in llu* pipe imiforiiiiy liealiiig the bones over a Iar|.^c arcaa, the 
temperature comcciiiciilly risiiif^ quickly to a point att which 
the fat melts out. 

The entire aim of the pricess—recovery of the fnaxiiniiin 
amount of extractatile fat in as short a time as fMJSsibie and 
the consequent restriction to a miiiiiniiini of the conversion of 
cartilage into glue—is attained by this very simple arrange- 
raent. Finally, by this methcicl of construction the rlinmcrier 
of the steaming cylinders can be increased aiifl the lionet still 
heated uniformly. 

Bone fat is valued according trj the ”titer*' in the sjimt: 
Wet}’ as talicnv and also according to its freedcuii from iitipiiri- 
ties. I'hc following analyses of bniie fat are by ¥, Jean 
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tain from bones the contained fat in its entirety and at the 
same time preserve the cartilaginous substance perfectly un¬ 
altered, so that the best quality of boneblack may be pntpared 
from the residue. 1 lencc there is no need to undcnlakc? the 
manufacture of glue in order to compensatt! for the loss of 
valuable constituents—a consideration of great value in simpli¬ 
fying the work of the establishment 



Fici, yn-'-FficcIberg's imfiroved bom: iteiimcr. 


llie recovery of fat from bones by this process is based on 
the pro|Kjrty of certain liquids, such as ether, carbon bisul- 
phiiie, petroleum spirit, benzol, etc, of extracting fat, es|>cci- 
iilly when warm, bringing it into solution and then yielding it 
up again as a residue on simple distillation. In most cases 
use is made of the cheap petroleum spirit (ben/.ine) available 
in large cpiantities, a special apparatus being employed on 
account of the great care necessary in view of the explosive 
and inflammable nature of the solvent Among the apparatus 
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fur «r\iractiir^ fats, iIium- of \'u|il, Sriflnl, 1 jihIhuimK: 

Mcav. aiul Hiihiicr arr Ih:*.! kiiuuii.all ufuhitli art* 

cicscrribtrd in the* aiithur’s Wf»rk uii /Vur/a/vV / dfs i hV.K 

See alsn pp. to 77 of tills hunk. IIm! c’Xirurtifiii uf tlii’ 
c’oinniiimted bniies is erffetied in fifes isisly the* saiiK^ inaiiiii’i' as 
there iiidicatcsl fur ui! setalsaiifl uil fruits. 

/Vi/»#’r//>.v. .-''rhe !>unct fit cihfaiiiisi InMiiiaatly hailiiip the 

!)uiic!S is, excA'pl whcai perfcjetly frc*sh huiies are used fain! this is 
very rarely the eascj, uf very iiiftaiur ijiialit}’, flark ladlinv !u 
liglil Irnnvn in culutir aiirl of reptdieiit siiieil llii.! euluiir is 
cine tu tilt* dark ruluiired ciecajiiipusitiuii prudiirts cif ilic: pii- 
trefyiiii^' hunt! cartilai^cy the evi! ansiiig fruin similar 

prucliicts^ fats in general bcdiig characteriHed by the rtftiiiity 
they cjxhihit fur abhurbiiig arici relaiiiiiig cidurifercniH siib» 
staiiceH. 

Bone fat prepared by the steaiiiing prticiiHS differs liltits 
from the last-nanic!d eJasswith regard !o colour, hut as regards 
smell it is irifiiiitdy siiperiur. I’he saint: partly decoiiipused 
bones that, in the: ordinary iiiethoci of siiiipli! fiuilinip wotihl 
yiedd a fat \vitli a repulsive odour, wi!!, if givu a 

flinch less un[dcasaiit-smeiling product, the difTenaice b«dii|* 
attribiiltalde to the higher tmiiperatiirf! eirifibiycrd, wbrndiy llitt 
greater part of the inalocloroiis Hiibstaiices is vapiirisrd and 
carried off with the steam; besicks, tliertt is less local hotiiig 
and therefore less chaiicc! of deslructiie decfiiiiposiiion. 

llie external apficarance of the fat fieriveci from boiicH 
varies consicierably, that from perfectly fresli tifiites iiiririg 
pale yellow in colour and free from srndb whilst llial {mm 
old bones is dark yellow to brown ; the coiisisteficy is eilfier 
quite fluid, semi-fluid or like lard. 

The cfiiwtants of bone fat are as follows 
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specific gnivity at 15*5''’C. . . . , 


Solidifying point , . . , . 

is""!'/' 

Melting-point ...... 


i‘ru€ laity adds. 


Saponification liuinber .... 

190*0-19s 

Iodine niiinher ..... 


Hr.hticr number ...... 

Kfrr-u-p } 

AnIi. ....... 

o’r r«;!'.p> 


{\srs (f /Awr /vi/.—Solely technical; in the semp and 
lubricating oil industries. 

ReJiMinj.^ Jitifie /vi/. —For the purpose of utilizing bone fat 
it is essentially necessary to subject it to a pnicess of purifica¬ 
tion in order to dcstro)*’ the odours and colouring matters 
coiitaincfi in it; this pia^cess is carried out with either nitric 
acid nr p(*tassiniii !m:hroinate, htah of which eexert a pcnvcrfiil 
oxidiMiig action. In rcfiiiiug with nitric acid h to 2 parts by 
weight of acici are taken f)er UKiu parts of fat, the exact 
ammint depending directly on tlic degree of impurity. 

Wooden vats, containing wooden appliances for .stirrings 
ami fitted with a steam pi|.x: at the bottoiig are used. The 
fiit to be piirifiefi is placed in the vat> where it is melted by 
steam and heale<l to /o’-Bo'' the nitric acid being then 
run (from a glass vessci fitted with a glass tap) in a thin 
stream intc^ the fat|, during which time the stirrers are kept in 
continual At intervals samples arc withdrawn from 

thc^ vat, cooled rapidly tcj cause them to set, and examined tcj 
obtain an idea of the condition of the fat. If the purificatiem 
appxirH to be siifFicieiit the stirrers are stopped and the fat 
wanhefi, with wlucli tibjcct it is allowed to run out in a thin 
stream into a second vat placed at a lovver level and more than 
half full of water, besides being fitted with a steam pipe and 
set of stirrers. 4 ly admitting steam and simultaneously work¬ 
ing the stirrers an intimate admixture of the fat and water in 
effected; after a short time the whole is left at rest, the water, 
after fieparaticiii, being finally drawn off anrl replaced by a 










H/.| I'A'I'S AM) OILS. 

fresh supply, whilst tlu.; fat is washed a|.(aiii in tilt: sanic 
inaiiiicr aiul is thc!n cnnsidercd sufficiriit!}- purified. 

Byreplacing tlu‘ iiitrit: at id hy a inixtnrcMif ctjua! parts 
of nitric acid and siilphiirir: acids, the purifying process is 
considerably accek*rat«ab but the loss is greater than w!h!ii 
nitric acid alone is used. 

llie second purifying process is that in whkh Milphiirit: 
acid and potahsiiiiii bichromate arc? iiscfL CJii«: |Kirt by 
wcaght of bichrtniiate is dissolved in a vatry little water, and 
the sohiticiii placed in a stoneware vessel, 2 parts by weight 
of Mil phiirk acid being poured in aiiri stirred willi a glass r«id, 
the vessel being then left, covered up, for a coiiple of days. 
When sulphuric acid and pcitassiuin bichrornale arc brought 
into contact, chromic acid is liberated which dissotves in wetter 
to a red solution, whilst the {x^tiissium bisiilphiite formed at 
the same time crystallises out at the bottom of the vessel 
From I to 2 percent* of this chromic acid solution is added to 
the fiit, according to the degree of impurity of the? latter, and 
the stirrers are set in motioic 

When the reaction is coiicliiclcf! the fat is waHhed, at first 
with but a small cjiiaiitity cif water, which beccanes tinged 
green or violet by the resulting chromic ccjiiipciunds, and these 
washings from scjvcral operations arc sfiinetiines collected and 
sold to colour manufacturers* 

By using a siifficieiicy of hicliroiiiate, even a very irnpiire 
bone fill can rendered jMirfectly white and free froin smell, 
and this class of procJiict sells iit such a price that it well re¬ 
pays the high cost of refining. 

Kritzer employs for bleaching bone fat a mixture of 5cx) 
parts by weight of the fat, warmed to 70-75*' Cl, and 5 parts 
of 30’ soda lye coiitaining 2*5 parts of common salt, leaving 
the whole to stand for six to eight hours or overnight. The 
cl«tr settled fat is then cooled to 40'* C., iiiici to it fire adder} 
,i^p^»sivcly a solution of 2*5 parts by weight of fiottssiiim 
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‘cliromate and 7'5-!0 parts of 22' fuming hydrochloric acid, 
ixcd ill by means of the stirrers, which are kept vigorDiisiy 
oviiig uiitii the oil filially exhibits merely a green tinge with 
hite fruth, a sign that it is properly bleached Wlieii this 
suit is arrived at, some 20 gallons or so of water at 75“ C. 
■e sprinkled over the surface from a watering-can and the 
hole covered up and left to stand, steam, if available, being 
own in for ten to fifteen minutes. 

By this method of washing with hot water or steam the 
:id remaining in the bone fat is washed out and carried down. 

A bone fat bleached in this manner is, at the ordinary 
mperature, soft and lard-»like in appearance, pure white or 
iiit yellow in colour, and is specially characterised by tlie 
Dwness with which it becomes rancid when ex:posed to the 
r. 


Bone Oil (Knochenol). 

In order to obtain the bone oil from bone fat, which is done 
^ precipitating the more readily congealable stearin group of 
ts, the fat is exposed to a low tempemture (atout 2"-9“ C.), 
lereby the solid fat separates out and the oil can then to 
»ured off. According to the Polytechnic Society of Berlin, 
uch better results can be obtained by dissolving the fat in 
nzine and exposing the solution to cold. The clear liquid 
poured away from the solid fat, and when freed from the 
Iveiit by distillation leaves pure bone oil 

Neatsfoot Oil (Klaxexol). 

Ram MateriaL —-The hoofs of cloven-footed animals: oxeii^ 
eep and goats. 

Preparation .—The feet of the ox and the sheep contain a 
ly liquid and stable fat. In order to obtain this substance 
e fresh feet are laid in cold water to wash away the ad- 
rent blood and, after the sinews have been removed, are 
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lOf» 

thi.ii placed in suflic'icii! watrr to cover thtnii After 

innncrsioii for a «iiiartcr of an hour liiereiii tin:}’ are taken 
out, the claws cut away and the f’ert:! Nplit tci sefiarate I he 
toes from tlut lari^er hfauts, the latter h(rin|„[ tlieii hculefl in 
water by the aid of steam, whilst the foniiirr, which yiehi up 
their fat less readily, an; pL’tceci in a pan and boiled over 
dintc::! fin* in the water tliat has alread}’ served for 



Ff«. 72.*—f ligh*|ire»4iiiir liciiie digester |Hose, Driwtii & Tlir#ni|»riii, l.tfl.f. 

the large hones. After a firoloiiged boiling the licjiiid is 
allowed to clarify, whereii|M>ii the fat rises tci Ihct surface itnrl 
is poured off The oil obtainei! in this fiianner clefxjiiits after 
some time a dirty semi-fliiid fat, froin which the lk|ijid fifjr- 
tiem is separated by decantation, 'rids oil is pale yellow in 
colour and thin iit ordinary temperatures, selling only at a 
few degrees below xcro C. It contains much olein and biit 
little stearin, does not easily turn riincid nor dcies it rciidily 









RAW MATERIALS, PREPARATION, PROPKR'riES AND USES. I97 


thickco. After the fat still remaining in solution has been 
as far as possible separated by crystallisation aiul filtratioUj 
the liquid product forms a very good lubricating cal for clocks 
and delicate machinery. 

According to Th. Chateau, the preparation of ncatsfoot 
oil is carried out in the following manner: The feet C*trot¬ 
tersof about 100 sheep are treated for twenty minutes in a 



r'lCi. 7;|, SteMndacIctted lioim digester piOHe, Dowrw & Thompson, otd.h 

pan of water warinc«l by the aid of steam to 75" or Ho'' tl 
Wlieii tlie \vw)!Iy hair comes away easily the pan is emptied, 
the feet scraped and the hoofs removed. The feet thus 
cleaned are tied iip with string into bundles of eighteen and 
then subjected to extraction by boiling in water until the 
greater part of the contained oil is recovered, whilst the feet 
themsdves are sold in the half-cooked state. Frcan 100-125 
biiiicllcfi of eighteen are treated at a time. The yield of fat 
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is somewhat variable, ranging from i !h. to 21 lb. per 100 
sheep. The feet of animals that have had to Iraverst: loii^; 
distances before being .slaughtered, such as is the case with 
American sheep, yield merely traces of neatsffMit oil TIic 
boiled feet arc immediately laid in a stream of Cfild water, 
and when cooled are offered for sale, llie ca1 obtained in this 
manner has a specific gravity of 0*91 5, is translucent and grtty 
in appearance, but clarifies on standing i)r !)y several filtra- * 
tions, and is then very pale yellow in colour, (dialcaii, in 
his communication, reports that the majority of commercial 
neatsfoot oils e.xamine<l by him were composed of other fats, 

E. Geissler points out that neatsfoot oil is, an accoiiiit of 
the method of preparation, very often rancid, and th«at he 
has examined oils of this class containing 10-15 jier cent of 
free fatty acids. 

According to Schaedler, true neatsfoot oil from the hoofs 
of oxen is mostly mixed with that from the feet of the sheep. 

Benedikt distinguishes between ox neatsfoot oil, sheep’s- 
foot oil and horse-foot oil, and states that commercial neats* 
foot oil is generally a mixture of oils from the hcH-ifs of oxen, 
sheep, horses and swine. Data for the accurate differentia¬ 
tion of these oils are still entirely lacking. 

Properties,—Ne'dtsfoot oils are straw yellow, inodoroiH, of 
agreeable flavour and generally set only Wenv o" C. 

Constants of neatsfexit oil :~ 

specific gravity at 15'''C. .... i#-f|i5i*iri|ilf5 

Solidifying point ...... - 

Saponification number ..... 1114*3. if|i| 

Iodine number ...... 

Refractive index at 20® C. .... i'4dSi 

Adulterations. —FurificcJ neatsfoot oil is in good demand 
as a lubricant; it is often adulterated with refined cottotj-seed 
oil,’rape oil and mineral oils, the detection of which is not 
difficult Any admixture of pale fish oils can be recogniscfi 
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by the smell evolved when rubbed on the hatids 
by phosphoric acid. ^ 

Uses. —Technical: as a lubricant for delicate machinery, 
clocks and so forth. 

Horse Fat, Horse Grease (Peerdekammfett, 
Peerdefett). 

Raw Material .—Chiefly the fat found in the neck (under 
the mane) of the horse, and in addition all the fatty portions 
of the carcase. 

Preparation .—The fat from the leaf, back, neck, and 
kidneys after separation from its integument is collected and 
melted—by steam if on a large scale, or simply by hot or 
boiling water in small works—then strained and placed to set 
in suitable vessels. 

Properties .—The actual mane fat of the horse is pure 
white and inodorous, softer in consistency than lard, melts at 
30° C. and consists of 70 parts of olein and 30 parts of a mix¬ 
ture of stearin and palmitin. 

The other fat from this animal is thick, almost like pomade, 
and separates on standing into a solid portion and a super¬ 
natant liquid. At 10° C. it resembles lard, and at 8° Cl 
tallow; it is of a dirty yellow-brown colour and possesses a 
characteristic fatty odour. The fat has slight drying pro¬ 
perties and Farnsteiner was successful in preparing from it 
a linolic tetrabromide in amount equal to about 10 per cent, 
of linolic acid. 

The marrow fat obtained from the large hollow bones of 
the horse is a waxy-yellow, greasy fat, becoming hard in the 
air; it begins to run at C. and is at 86° C. thick like 
syrup. By the aid of soda a very solid white soap can be 
prepared therefrom. 
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The constants of horse c>il are 


;is follow 


Specific i^ravily at 15'’ C. 
Melting-point 
Acid number . 
Saponification number . 
Hehner number 
Reichert-MeiHKi number 
Iodine number 
Refractive index at 25'’ C. 


o'9rfi-(»*c|3 4 
07 . 1 - 2*44 

T 4 ' 5 - 95‘5 
1*64-2'14 
7I3-Klr4 
04667 1*46117, 


Medicinal : for ointments in veterinary iiieclicinc!; 
cosmetic: for pomades intended to promote the growth of the 
hair. For softening leather, lubricating machinery, greasing 
wool, making soft soaps, for which it seems specially adapted 
It has also been used for adulterating lard 


Amimal On. (TniERoL): Diffki/s On., 

Raw MateriaL—T\i^ tar resulting from the dry distillation 
of bones. 

Preparation.—Iht crude bone tar is placed in a still con¬ 
nected with a warm condenser. Liquid distils over rather 
quickly at first, and when the distillation shows signs of 
slackening the fire is made up stronger, so that, finally, iiotliiiig 
remains in the still but a porous black residue consisting of 
carbon which is utilised for fuel The distillate is pale to dark 
yellow in colour, of oily appearance, and characterised b}^ the 
fluorescence it exhibits, the surface of the oil, when viewed at 
a certain angle, displaying a coloration iiicliiiirig to blue or 
red. It should be mentioned that when a pared of boii«,* tar 
has been once distilled, it must be worked up completely with¬ 
out cessation, since otherwise the oil will turn brown by oxida¬ 
tion during storage. 

The distillate is shaken up with strong hydrochloric acid, 
arated therefrom, washed with water and rectified iti 
"a By this means a series of products which readily 
md give rise to dark colorations are removed; in 
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this way it is possilik: tci prepan! an oil that will miiaiii liphl 

coloured 

Since the action of oxy|.pui is iiicreasi'fi tiy hiyli !fiii|rtna 
tores, an arran|.^eoiLiit has lieeii devised for re distillation, affta 
the aiu’d trcatinenU in a currcail of carbofiit at id cathoii 
dioxdcic;, in wiiich case: a ccjpper vessel uia}* }>« li-osl f*if ic’i ii 
fyiiil^c 'Fhc cairreiil of r:arlioiiic acid pas iiiiisl, lumtnr.r, hr 
Stroup enough fill lliti nreeiver in which itir tlistiil.itr is 
collccteff ill order to prevail the aiiirrial ciil roiriiii|| iii c'oiititr:l 
with the air. By adhering to these precaiif ions the: fiisliliatr 
from tlie criicie oil may la? inadi* to yield after two rrrlifitai 
tioiis a product wliirli is ahiiost coloinlf’SH, and iiill rrimiiii 
fair!)’ if air lx: exchideif, C in rsp*'roiif to flu- aii if ha oiinrs 
iiark»colcnirrrh ri’irn sf'Vrial tiiiie% irt litifi 1, Im liirifiit 

\vhi{‘li disfroloratifui, a. far a « |ss>s' 4 h!e, iIjrMj] Ipailji hr-* jMiaf 
after recJ living, in air4iglit hollies. 

/V#yv7'/iix- 1 hiii and pale yrih>\v iilim lif ,ln 

hut lirciwiiisli-lilack frciiri fO'Cidalion when an'^d, with i«'’prl|fni! 
.Hindi On treiitiiieiit willi siilpfsiirii ;e id it i rapiilly 
vertoi iiiici brown dfiltal iiiassro 

/ Mt:dkiiitt! : as a popnhtr ruralii"r agtuti ; lectiriical: 

in the wocil-dyeiiig ifidiistr}*. 


CHAPTER V. 


SKA-ANIMAL AND FISH OILS (TfiiiANr). 

'j’HK fish oils include those Hcfuid aniinul fats that are cditained 
from the fatty accumulations in the Imdies of the large marine 
mammals; from the liver of various smaller <ir larger fish; 
and finally by pressing certain species of fish, all of which iii» 

habit salt water. 

All fish oils are, at the ordinary temi>eratiire, more or less 
fluid, pale yellow to dark blackish-brown in colour, and mostly 
endowed with a suffocating, more or less disagreeable siiicdl 
and taste. Of the fish oils~whose chemical coiistituticui is 
still insufficiently known—one group is classed with the litjtiid 
waxes (sperm oil and the spermaceti preparttd Ihereffoiiij, aiifi 
they are all very easily distinguished, by their {>ehavicair cm 
saponification, from the remaining oils and fats. 

Sperm oil and spermaceti are devoid of glycerides, but 
contain instead ethers of the higher fatty alcohols; and shark 
oil and all the marine animal oils with a specific gravity licltjw 
0’88o at 15'' C may be classified in the same group, since the 
great majority of the glycerides have a higher specific gravity 
than 0*914. Little is known respecting the fatty «icicis occtir« 
ring in the form of tri-glycerides in fish oils. The place of 
the oleic acid found in other oils seems to be occupied here 
by physetoleic acid, it follows, from the very high icKliiie 
number of fish oils, that large quantities of a glyceride of an 
acid poorer in hydrogen are present; this cannot, however* 
be linolic acid, because fish oils are not endowed with drying 
|u*opertles. 


( 202 ) 
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rilctet of the fisli oils are blackeiiecl b\‘gaseous cliltiriiie, 
A hereas all other fats am! oils *ire bleacliLo! br this reagent 
i ln:r. aiFi to Mniru'the \vax-!ike, tsh oHs as weh 
lii’ahiy oha m^stcrotic is>'krir“ leactit ms . caiJ>tic scata o! 
gni\it}' 034 a-u! sj.Tup}" pVo|'ih.oric acici producing a 
red c^jluratibom nitno aei;l., siilplmrio acoi and ir'trosuiphurfc 
acid giving black or xiolet-black colorations. 

A large number cjf tisli oils are met with in commerce and 
are classified according to whether they are derived from the 
carcase flit (blubber), the fatty liver or the whole fi^h, and 
also according to the genus of the anirnai yielding tliem. 
They are all employed either for medicinal cod-liver c 3 il or 
technical purposes. 

By the term fish—or train—tallow Thrantalgj are indi¬ 
cated the solid fats (stearins) separating out from fish oils 
at temperatures near freezing-point, or obtained by pressure 
at such temperatures Crude whale oils vidd whale fatd 
w’hilst the liquid portions are known as “expressed whale 
oil ” '(chiefly consisting of physetolein). 

The fish oils met with in commerce may be classified as 
follows :— 

1. Wkale m 7 s (train or blubber oils_ : whale^ sperm whale, 
fio-back whale, Arctic sperm, do!phin, porfX3ise, walrus, round- 
headed dolphin oil 

2. Seal Oils: Archangel, Greenland, Newfoundland, South 
Sea, Caspian seal oil, walrus and Swedish ‘ATree crown'’ oil 

3. J^JsA Di/s: herring, sprat, pilchard, sardine, sardella, 
nieiihadeii oil, Swedish, Russian, Italian, and Spanish fish oiL 

4. Liz^er oils: cod-liver oil, coal-fish oil, raerlangus oil, 
pollack oil, sea-pike oil, shark’s-Iiver oil, ray oil, ray-liver oil, 
Japan fish oil 

The fish oils obtained froni the blubber of the entire fisly 
or portions thereof^ by boiling, contain in their natural state 
more or less animal gelatine (glue) derived from cartilaginous 
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matter. The various kinds of fish oil have different odours 
and flavours, which arc indcscriliahle, l>ut when «:x|>crienccd 
a few times, fix themselves in the incnior}* and form the taste 
especially) a sure, if not agreeable, means of rccognitifin. 

The various kinds of fish oils—pure seal oil, whale <n'!, 
liver oil, train oil—can be distinguished I)y the aid of fuming 
nitric acid and sulphuric acid, Ihe colour reactions obtained 
being nevertheless unreliable. 

The violet colorations given by liver oils with sulphuric 
acid do not result from the presence of biliary colouring 
matters, but, according to Salkow^sky, cholcsterin, the c<dour™ 
ing matter (lipochrome) discovered l)y Kiihne, and the fatty 
acids themselves take part therein. Further assistance in 
differentiation, and perhaps the detection of acliilteratioii, 
should be afforded by the difference of solubility in hot 
alcohol, in that the latter will take up 4 per cent of fish oi!> 
7 percent, of liver oil, 15 per cent of seal oil and its cnvii 
volume of whale (blubber) oil 

The fish oils arc, for the most, only adiiltc!rated with 
lower grade train oils and rosin oil, tlic iricdicinal oils rarely 
with vegetable oils {such as sesame and cotton-sced oilg 
which latter, by the way, can be detected by the ekiiclin re¬ 
action, fish oils remaining clear and transparent whilst the 
last-named oils depCKsit elaidin after some time, the: fatty layer 
being thereby rendered thick and opa(|iie. 

Further particulars are given under the different headingii 
relating to fish oils (sec table on opposite page), 

I. Train or BiimiiKR Oils. 

A^am Jfa/^r/a/.—Thc fat of marine maiiimalia—sen cow, 
walrus, manatee, dolphin, porpoise, sperm whale, Arctic sjjcriri 
—hale, Greenland whale. 

dead carcases are hauled on deck 01% 
re land, on shore, and the cutting out of the b!iihk:r 
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instances, however, it is immediately melted down on deck, 
in an iron pan set in brickwork, the oil being strained and 
filled into casks, whilst the residue (greaves) serves as fuel 

The blubber in the casks begins, after prolonged storage, 
to putrefy in consequence of the decomposition of the tissues 
and other animal matters, and a part of the oil runs out 
spontaneously and is collected in special recipients. When 
the vessel arrives at her destination the blubber still left in 
the barrels is melted down over a fire or by steam, and the* 
self-run oil is also heated to about ioo° C. to allow the im¬ 
purities to subside. In some places the blubber, after being 
cut up, is melted in large pans 14 to 20 feet high, by direct 
steam, for five to eight hours. The carcase itself, when 
stripped of blubber, is either thrown back into the sea or 
treated for the preparation of manure. 

The dorsal fat yields darker oil than the belly fat, and is 
treated separately. The yield ranges from 6 to 20 tons of 
blubber per whale. 

When the work is performed in a rational manner, con¬ 
siderable quantities of oil, though of inferior quality, are ob¬ 
tained by treating the flesh and bone in the carcase with 
high-pressure steam, the residual portions being dried and 
sold as manure. 

Smaller marine mammals, such as the porpoise, are dis¬ 
embowelled, cut into pieces, and the flesh and fat, as well as 
the bony skeleton, extracted by boiling over direct fire or by 
steam. 

{a) Porpoise Oil —Extracted from the porpoise {Delphinus 
phoccena). The oil from the '‘jaw differs from the oil from 
the “blubber,"’ is pale yellow, brown-yellow or brown, with 
a smell resembling that of sardella oil, but loses this on ex- 

-ire to air, and assumes a deeper shade of colour. The 

eutral to litmus paper, but absorbs oxygen from 
\en has an acid reaction. Its specific gravity 
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ut i; C. 0'92;8 ; settio;4-p-.;rA, - 15 1'. 7 >i a'.e. !: 

di'ss.olve^ l “2 fxir cent. ; 4ilcslii“d 2;* rr rt 

^Foiriricr, 23-41 cx. KOH ; mificatiun ivaizi: ci VA- 2 *'' ^ 
^^■>d:Aie Aumber, 88‘3-l i cr4» 'Hic oxNtitaaot^ f !*!; - :s ,irc. 
g'Ijcerkle< of pm-setOieic. vlcic, 'iLMiit.. a’a: "..i..: •: 

acids. 

•vk) /lapkm (^//.—Froni th*A Lir,;; ria o -/u”. bd: b;- 
ghimrf^sy JyiWMd-keaih^ d/.'p'ir' vb i- : fb' ^ b. ; 
in colour and lias a stroiio fishr sniF. : 4x0 tb 4 <ti 

^5 C. = 0*9266; at 20° C =•■ 0'9i;5; lOeibncrt xuioV” : 
c.c, ; saponification number, I9rbr-2i:’4 : ■; x ’:e "ixi-ioxr, 
99"5-I26‘9. One hundred parts of bobiip^ n.'o'b^ f ^ f v. .b: 
gravity 0*812 dissolve 40 parts of the ixl. the ■. )'r.t ' -/« 

coming turbid at 50^' C ; 100 pariv of b., ■: 7 

speciic gravity 0795 dissolve 60 parts. Wlivr; vx' : ' 
low temperatures the oil at 5'' Cb to - 5'ib rlepo-A- 0 e-- 
maceti, and when thus freed from the latter substance ■, lb«x. 
iri equal proportions in boiling alcohol, the solutiur; evil bit;: a 
w^eak acid reaction, which disappears 011 the addition ^^.-f xMkrr., 

The oil obtained from the “jaw’' difters niark'ebi:y 
the oil from the ‘^blubber,” containing more volatbe txttx" 
acids, the Reichert number being 66, the Hehiier nuirbxTabo 
66, the saponification number 290*0, and iodine irumber 
The “jaw oil is a fine product 

(F yarwhil Oii .—Veiy pale in colour; almost white. 

(f/) Sj^erm OiL—-Souikem tjr eadiaht a/Y, from the blubber 
and head of the southern sperm whale [rkjseier tfmiroie- 
_p/mius\ of which a large fish will yield from 70 to C)0 tons 
and 50 civt. of spKjrmaceti, is pale yellow to slightly brownish- 
yellow, clear, with a decidedly fishy smell and fairly fluid, 
with a specific gravity of 0*880 at 15° C. At 6^" C« it begins 
to deposit spermaceti, and stearin at 8‘'C. Two vols. of the 
oil are soluble in lO vols. of alcohol at the ordinary tempera- 
true ; and 7 vols. in 10 of boiling alcohol It is miscible 
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wi'tli ether inal! proportions, and sets slightly under the elaidin 
test/thus differing from all other fish oils. 

The spermaceti is-separated from the oil h)' filtration and 
used in* making candles. The alimentary caiial and the bladder 
of this tvhale'contain the highly-prized perfume known as 
ambergris. ‘ ' . 

(e) Arctic Sperm or 'Bottiemse IF/id/e .-This prcaiuct h 

colourless to b'rowii, of slightly repellent smell, thin, with a 
specific gravity of 0*885 at 15'^ C.; absorbs oxygen from the 
air and thickens, its specific gravity at the same time in¬ 
creasing. It contains a relatively low prof^ortion of solid 
fatty'acids since it remains liquid below 5'' C., with merely a 
slight turbidity, and only below -,2'' C. becomes gruelly in 
consistency. It dissolves in 25 parts of cold and 2|. parts of 
boiling.alcohol, but separates out again, for the most part, on 
re-coolirig. . • . . . _ 

When treated-with '.nitrous acid'the .oil exhibits a ten¬ 
dency to set .It contains .only, about .half as much oxygen 
as other fish oils, and consists of >— * ’ . * - 

_ 79*87_per ednt, carbon. ‘ 
r3’36 ,, hydrogen 

; 5*77 y oxygen 

^ roo'oD „ 

and in addition’to physetofeic acid, etc.’ about 1 per cent eff 

spatmaceti. ./^oegHc. acicj,*CjyH*if,^;|oi is probably a mixture 

ofphysqtpkic'acid and an allied acid, this being apfmreiit from 
the^uneveh .’number *of carbon atams in thejormula. 

Vj Thereps/riot much differiericf between the two kinds of 
sperm oij, as shown' by'The followirig. table of constants 
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Cat Isalof 

A t«f» 


Sprrin Oil. 

h»|.rtfl} Oil, 

specific gravity at 15''’ C. , 

, . . iftSiHu 


«» ,» », too'' C. 


fi'Hay 

SapfHnfication tniniher 


i .•!*' 1 1 |5*.i 

Ifjfliiie iHsnihtT . 

'/tifH 

hti 

Hrichtat miisihcr 

17 

f.| 

acids pc’5 cnit. 

. . . 

fi| 64 

Aktdirds pri cent. 

PI -41 

1/ M 

MaiiiiuTH* test . 

51 C. 

M 1 . 

Kcjf rat live ifidex 

1*4671 

r 1654 

lliese ffils differ froin 

all other oik in n 

iiisistin|4 not of 


giyccridcs csscutialiy but of ethers, C(iin(>ouinls of alcolioli* 
tjoflies with the fatty acids. 

S/>i'rw (HI.- Ovvintt to the trouble experieia'ed in the tiHtr of 
sperm oil for burning in safirty lamps of the- Uai')- t>P''. A. <i. 
Blakely and It. .A. Reilly have ma«le a l an-ftil investipation j *1 
a number of samples of sperm oil, some of whit Ii burnt well 
and others badly ; the observations im hidinp the deletinina 
tion of the usual chemical and [diysical CidtstantH, and, to 
adriition, certain physical characteristics, such as "Hake test,** 
‘‘clour! test,” and “pour test,” which are variations of tlif 
solidifying; point and viscosity tests, and apjasar to Ik; ttew 
|‘urther, they obtained the fatty acids and the alcohols seitai 
ateh', ami also a|)plicd to them the usual methods of analysi-*, 
sf» that the investigation represented a r oitsiderable ainotiitt 
of work. The samples which gave trailfde, 4 c.. jirorhiccsi ;tn 
incrustation on the wick, were somewha! abnormal in cotn- 
positioi). and probably ariulteratcfi. The composition of ||»er 
samples of jiure sperm oil varied beyond the limits usually 
ipjoted as given below, coinjiaretl with the two satrijdes whi* ft 
gave most trouble 


Specific gravity at if'6'" C. 
Krfraciivt! Iiickx at 15‘6'' C* 
Sa|wmificaii«ii value « 

Acidity calc. cildc per tcisL 
Ici4inc 1 . aliic f f Iao yi | 


I'ijfr %iw ftn Clii. 

ri'HyliarUlf-1 


1 1^7 • 1.177 

ri 7 

-1^1 '7 


14 
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Ratty anhydrides per ct;nt. 

Pure Sprrm ojj. 

Padr. Jiurninf, 
Sain} les. 

hu‘l 

AIcoholH per cent. 

33'L 46*2 

jO* p.j'K 

Flake tent '’R*. 

37-52 


Cloud test ‘'R\ .... 

34-46 


Pour test ^'R'. 

24 - 3 ^ 

i 7 Al 7 

R’laHh point "C. 

245«265 

230-270 

Rlrc point '‘C. .... 


2H5-.300 

Viscosity ('I'afAiidme) at 70" R*. . 

lefMih 

111- 

„ „ ,, F. 

HH<i 7 

hfh 

„ (Sayholt) „ 100'* I-. 

. 110-127 


,, „ „ 130'" F. 

74 »HH 


„ „ „ 2RL F. 

46-50 


Fatty Acids— 

Specific gravity at i5*6'‘' C. 



Refractive index at 15*6" C, . 

. r45»o-1*4623 


Neutrali^cation value 

. i86’S-2ifr2 

222*^-2'i4‘B 

Iodine value (HantiH) 



Titre test . 

. 6*2«I3*6 

12*0-12*» 

Alcohols— 

Refractive index at TkL C. 

. i- 43 « 3 -J ’4495 


Iodine value (Hanus) 

63 > 9 - 7 a -5 

39 T 4**4 

Melting-point '’C, . 

. aa'o-27’o 


Saponification value of acetate 




iCxpcriments were made as to the effect of free fatly acids 
on the burning properties of the oil, using; varying proportions 
of oleic acid. Very little influence was found with cjiiaiitilies 
under 4 per cent, only a slight crust being formed; but with 
5 per cent, or upwarrls a thick crust was formed, and the oil 
therefore became ciuitc unsuitable for burning purposes. 

SPERMACKI'I (WAI.RATIb SrKEMACKT). 

Raw MatenaL—lihc fat found in the skull cavity of the 
cachalot or sperm whale, and in other sfjecics of dolphin. Jii 
the living animal the spermaceti occurs dissolved in sf^rin 
oil, but separates out after death. 

Preparation.—When the skull is opened the fatty maEs m 
collected and stored in large vessels, the liquid sperm oil 
being filtered off and the residue, consisting of a mixture of 
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spermacetPand sperm oil, is pressed, leaving behind a crystal¬ 
line fatty mass. This is next treated with a weak lye of 
caustic potash or soda, to saponify and remove any adherent 
oil, after which it is repeatedly washed with water and re¬ 
melted over boiling water. 

Crude spermaceti, which is seldom met with in commerce, 
forms plates with a foliaceous structure and of about the thick¬ 
ness of the finger ; is transparent and has a fishy smell. The 
purified article comes to market in the shape of semi-trans¬ 
parent white, broad, foliaceous, crystalline lumps with a feel 
like talc. According to Benedikt spermaceti is obtained from 
sperm blubber by pressing. 

Properties .—Spermaceti is solid, tasteless, inodorous, and 
may be crumbled between the fingers. 


Specific gravity at 15° C. 

„ „ 60° c. 

Solidifying point . 
Melting-point 
Acid number 
Saponification number 
Iodine number 
Fatty acids, per cent. 
Alcohols ,, 


. . o '905- o *96 o 

0*8358 
41% 9 *=^ 

0*09-1*35 
. 120*6-134*6 

3*52-9-3 

49*78-53*45 

49 - 54*27 


If the product be treated several times with hot alcohol, 
the residual substance has a melting-point about S° C. higher 
than before. It may be distilled at 360° C. without any 
noticeable decomposition. When applied in a melted condi¬ 
tion to paper, it leaves no grease spot behind. It is very 
slightly soluble in cold 98 per cent alcohol, and quite in¬ 
soluble in 90 per cent, spirit, but, on the other hand, dissolves 
easily in hot alcohol, and crystallises out again for the most 
part on cooling. Its solutions do not redden litmus paper. 
According to Schaedler, i part of spermaceti is soluble in 40 
parts of boiling alcohol of specific gravity 0*831, the greater 
part separating out on cooling. It is, moreover, but slightly 
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soluble in henziue aiifl pctrc^kanii spirit^ thcnipli rraiiili* *-.(»!u!j!c* 
in tiller, chlorofonn, or carbou l^istilphiflc. SfH-iinarrfi is ;i 
mixture of various fats, hut (auitaiiss iio pjyrrriilos; on ri’ 
crystallisation from alcohol the t:r\'.stalliiit! sulistaiicc fa! cetin 
—cetyl palmitatc, . (). foninu’ly 

cctvioxiclc cetate oralhal alhalate, separates out, Accioiiiiiiy, 
to Beneclikt, spermaceti can !)e easil}’ sapoiiificci with ak’nliolii 
caustic potash, cetyl alcohol heiii^' precipifatiai oii tliliiliiiy the 
solution with water, but, accordin|.» to Schaedler, spniiiac fli 
can l)e saponified only with diffictilly. I'hc cleriieiifaiy cono 
position of spermaceti is as under:.- 

Carbon ........ pri inii. 

Hydrogen ....... i „ 

Oxygen.67’i ,, 

cannot be easily fiikified, sim r 
its properties are very remarkably moclifiecl by any adrni?cliiie 
that may be made, and adulterations are readily recognisable 
by the increased hardness of the siibstancc, its lack of nacreoiis 
lustre, and the small foliaceous cry.stalline stnictiirr. Aca'ord. 
ing to Schaedlcr, wax is frer|ucritly adderd to Hperiiiaircdi, ImiI 
the quantity cannot be large, otherwise* it ivoiild raise flu* 
specific gravity and melting-point or oiisc: the* ethereal scdti 
tion to appear milky, lallow betrays itself by its orioiir wlirii 
melted or by the .smell of acrolein produced when a lighlefi 
wick steeped in the substance is blown out ; moreover, s|:it*r» 
maceti containing tallow leaves a greasj’ mark on jmjwr. If 
stearic acid be added, the s{>ermaceti is liarcloicfi, the cryxliils 
are reduced in size and the mass foams when heated ivilli 
soda solution- The saponification value serves for the* detec¬ 
tion of paraffin. 

In order to test spermaceti for stearic acid, a saififib m 
melted in a basin, ammonia added, and the whole ilirreci and 
left to cool, the spermaceti being removed when iind the 
stearic acid thrown down from the acpeoiis sciliition by hyiJrci- 
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chloric acid. On prolonged exposure to the air spermaceti 
becomes yellow and rancid, but can be rendered fit for use 
again by re-melting and treating with dilute caustic potash or 
soda lye. Spermaceti is scarcely affected by boiling with 
dilute sodium carbonate solution, differing in this respect from 
stearin. 

The testing of spermaceti performed (according to Kebler) 
as follows: The melting-point varies between 42° and 47° C., 
whilst that of cetin is between 48*9° and 5 5 *5° C The specific 
gravity at 15° C. is from 0*905 to 0*943, is, throughout, not 
so near to the latter figure as formerly assumed. The saponi¬ 
fication value ranges from 125*8 to 134*6, whilst the acid 
number exhibits wide fluctuations (o*o to 5*17) as the age of 
the sample increases. 

Uses \of Spermaceti. —Medicinal: for salves, and formerly 
also as a palliative for alleviating pain and irritation ; cos¬ 
metic : in pomades, etc. ; technical: for candle-making (it 
burns with a brilliant, smokeless flame), either alone or in con¬ 
junction with wax ; as an addition to dressings (for cloth), etc. 

(/) Whale Oil ( Walfischthran). —Under the name of whale 
oil there comes into commerce the oil from the blubbers of 
various species of whales {Balcence\ the most important being 
the Greenland or Right whale {Balmna mysticetus\ which 
yields also whalebone, the Sulphur Bottom whale {Balcenoptera 
sihbaldii^ Gray), the largest of all animals, being often 90 to 96 
feet long and yielding 100 to 140 barrels of oil, the Hump¬ 
back whale {Megaptera longimanus^ Rud), 50 feet long and 
yielding 25 to 40 barrels of oil, inhabiting Southern seas, the 
Fin-back whale {Balmnoptera borealis), which grows to 70 feet 
long, yielding 25 to 45 barrels of oils, and the Bottlenose 
whale {Hyperodon rostratum. Miller), 20 to 30 feet long, inhabi- 
tating chiefly the North Atlantic. There are many others, in 
all over 70 species.^ Such oil has also been known as train oil, 

^ W. Mansbridge, Jour. Soc. Chem. Indi., igry, p. 362. 
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but this term is practically now restricted to the poorer classes 
of blubber oils of all kinds. As a rule the trade does not dis¬ 
tinguish between the oils from various kinds of whales, al¬ 
though there are minor differences to be noted. 

Whale oil is of a yellow, brown, or dark reddish-brown 
colour, its odour is strong and fishy. There are about five- 
grades of oil distinguished in commerce. No. o and No. i, 
very pale yellow, usually classed together; No. 2, deep 
yellow ; No. 3, pale brown ; No. 4, dark brown. Other darker 
qualities are classed as dark whale oil (Mansbridge). Its 
composition is not definitely known, but it contains valeric 
and soluble fatty acids. Crude whale oil deposits whale or 
fish stearin’^ on cooling. This usually has a red colour, 
smells of fish, and consists of palmitin with a little spermaceti. 

Whale oil is used in making soft soap, lubricating 
machinery and other purposes. 

Other features of whale oils are mentioned below. 

(£■) Fin-back Whale Oil, from the Balmnoptera borealis. 
—The oil is colourless to brown, and has a specific gravity 
of 0*920 to 0*925 at 15° C.,‘according to class. It de¬ 
posits a little stearin at 8° C., and thickens completely at 
3° C. The dark kinds have a peculiar, highly repellent smclL 
With ether it is miscible in all proportions, and the darker 
grades manifest the remarkable faculty of mixing with equal 
volumes of alcohol to form a clear solution, quickly separating, 
however, into oil and an alcoholic solution, 10 parts of alcohol 
taking up 4 vols. of the oil. If now this liquid be mixed up 
again it remains turbid, separating again into the original 
volumes of oil and alcohol, the latter containing a little oil 
and stearin. In boiling alcohol nearly 4 parts are dissolved, 
and 4 vols. of the oil dissolve i vol. of alcohol. 

Fin-back oil contains :— 








SHA«ANIMAL AND FISH OILS. 


.!! 5 

77*<*5 pri c«iL carbon 
tTtiS hydrc^gttn 

ro*f|o 

KlO’UO ,, 

‘//, f^rty^i/aMf/ (hi, frotn /hrhr/M ///^s/hr/us.--llw 

carefully pre|>arc<! oil is honcy-yclkiw iu cc^Iour, aiici sinellH 
uii<! taste,!s like fish. Specific |;u'avity at 15' C., (^925 to 
cj'D 27 ; a few crystals are dt!posite<l at lo C., wfiich increase 
as the leinpcratiirc falls, until, at 2 'C, nearly all the stearin 
and a little sfierinaceti art: flown. Five v<ils. of the oil <hV 
solve I of akohol, aiic! if) vols. of alcohol i of the oil, but at 
t'Kiilini^ heat 2 vols. of alcohol fli.ssf>lve 5 of the tnl; if in also 
iniscihlc ill all proportions witli ether. W’heii Iieated for sonic: 
time a! 2rio ( . it fleesanpescs anrl hla«:kt:ns. Its eleuitnjtary 
rriiiipfis : 

7C‘Sr^ I rt f rut. t 4f bn?i 

O'Ss} liyilfficcii 

o*oi ,1 

OKCftfl ,, 

The whaie oils arc neutral when fresh but becoim; faintly 
acid after a while, ami kdiavc'similarly to seal oils uiukr the 
itiflnence of various reagents. 

Fuming nitric acid profhicsM at first a brownish coloration 
with a very .slight tendency towarris blue, turning thereafter 
brown, and finally blackislt-brcwn. Suiphoric acid (sfKjeific 
gravity, rdj to 170; co!oHr.s them l>rown, subsefjuently 
blackish-brfnvfi (blmjd colour in the case of seal ra'lsj. Nitric 
and siilphurk acid in e<|«al volumes give, when mixed with an 
cnpiai bulk of the oil, a yellow coloration, turning reddish and 
sulmsjucntly a dirty brown. Caustic smla colours all fish oiks 
rcil-brown, an floes also syrupy phosphoric acid. 

ihe variffus whale oils, allot which depfwit stearin along 
with a little spermaceti, near the freezing-{xfint, arc further 
treated for the preparation of .sundry commercial grarles, which 
are jjrincipally fibtained from Norway. The pure oiN, 
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p?ile, brownish-yellow to !>rown, arc known as “ iinprt*ssc*(l 
whale oir’ from the inethofi of profiiictir>jj, and are rlassified 
accordini^ to colour. When pressed !)eIow the fnre/Jiio-point 
two different products arc o!>taincd “whale fat’’ fu’ “train 
tallow ’’ and “ pressed whale oils/’ containiii^^ no stearin. 

Whale oil has the followin[( constants: 


specific gravity at 15'* C. 



Acid number 


ir%ii f|H‘^ 

Saponiiicatiem number 



Iodine number 



Reichert lunnlKu . 


irj- ,!*«»! 

Hebncr number . 


«H’5 

Refractive index, at 2c»' C, . 


**47f« 

UnKaponifiable matter 

. 



2. Seal On.s 

Raw MateriaL—Thc blubber of the fmneci inniiiinals, the 
walrus, seal, or sea cow, in the northern and soiitherri oceans. 

Preparation,—The carcases are brought to land and the 
skins removed and treated in a special manner. Hie hliibhcu% 
which occurs as a more or less thick layer between the oiitcr 
epidermis and the actual flesh, is then cut awa}^ as citaiily 
and carefully as possible, the entire sides thus oblaiiieil being 
placed in large recipients 9-11 yards long and nearly 9 yards 
wide, the bottoms of which are made of strong balks of 
timber and the sides of woorlen fmsts set very close! togrilier, 
the oil flowing out through the interstitial spaces. llelciw 
these vessels is a somewhat larger stout wooden rcf^crvoir, 
only some 40 inches in height, for catching the escapiiig' oil. 
Water is placed in the bottom, so that any leakage k delected 
without loss of oil, the water serving also to cleanse tlit* ni! 
from any admixture of blood. When the up|x:r vessel i-ii filbei 
with blubber to a certain height the pressurt* of the iiiiss 
commences to force out the oil, which then runs dciwii into 
\e reservoir below. The oil requires two or three months to 
-Vely exude, but the product is divided by drawing nf the 
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nil at certain intervals, storinf^ each Int in separate tanks, 
etc. The earliest ntniiiiii^s are pale, dctvoitl af smell, aial 
form tin,* best quality “ li^lit train oil/’ tlu’ quantit}^ heiiif* 
“Hoiiie H) per rent, uf the total fjo to 70 per cent of cal 
olitaiiual. In proportion as putrerfaction pro|p*c!SM’s ivith the 
leiiplh of ^turane, and the cellular tissue is destroyed, iht! cul 
runs awav’ mc^re reddish-yellow in ca^lour, the shadt! dcepeiiini* 
c’tailiimoiisly by nasoii of the spoiitaiieous and progretssive 
hesif evolved in the mass, until finally the oil is a dark brown, 
and possesses a disagreeal^le smell and taste arising from tfu* 
rlcaifnf'Misitioii products cwailvecL When, after a lengthy 
period, the oil ceases to flow, tile entire slinkinp, mass is 
shoveliol out aiici madetip in smailer hcafis, the oil thereafter 
c'Hc:apifip^ heinp^ c:ullri terd a-'^ an iiifcuior qualify, llic! rc*sidue, 
N-till remaiiiiiig is boiled iu water in laiip! iron pans, wide h, with 
the fleshy aial fUhrr portions togetlim’, clo not contain enough 
oil to run oil! spofitaiicoiisly. Itiiriiig the boiling tlie cal 
ascciids Id the Hitrfaa* iiiid is skiiiiiiicfl off, while tiie rojiidiic: 
after drying, fciriris a gciiMi iiiaimre. 

(r#) Sm/ ()//, l¥ 4 frciiri the coitifiifiii sea!, /¥mm 

-Ill irriiiifiierce there art: t%¥ci gnifics, the pali: and 
llie dark oi!; if is thiiuier ti'iaii the first seal tiils, has a specific 
griivily of crqssfq and dues not deposit Hteariii until 2 “ Ck 
is reached. C.lrie liiindrcd vnis, of cold alcohol disstiha? i %niL 
fif till! oil; hot alcaihoi from in to li vols. ; m veils, of ifil 
dissolve 11 vols. rifa!cr#lioh Hit: frofi tii! does not show an 
acid fcsiCiioiL 

'/c J/rZ/ri/i;;// Sffi/ (¥/, .V#vi-/W// i hi, from Ilic! P/spm 
/fiio/rii. ■'C/okfiir pale yffllciw^ to browui ; s|iec:ific gravity ill 15" 
i\ ■ o'ni 55 to the various gratlcs having the follow- 

iiig driisilies 

IVilr Artliaiigci «al f#il 
IlirfWfl „ ,, 

Nffi-call Oil . 


;it t%’' C’, iftiitp, 

„ ,!y €. 

„ l|' C, 
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The product has a weak acid reaction and deposits st 
at 3° C ; lOO vols. of cold alcohol dissolve i voL, 
alcohol 8 to 9 vols. of the oil, lo vols. of the latter tak ii 
11 vols. of alcohoL 

(r) Greenland Seal Oil, from the Phoca Greenli^w** 
The commercial varieties have the following densitsi 
15° C. 


Clear pale Greenland seal oil, speci6c gravity . . — o'ys 

Clear brown ,, ,, „ , . . 


The grade known as Greenland Three Crown 
mixture of various fish oils, principally seal and shark oil 
less important constituents being very small quaiititi^ 
whale and walrus oils. The seal oil used for this procli 
the so-called ‘Toots/* the sediment obtained in the t>i, 
and clarifying of seal oil. This forms the chief compMi 
the shark oil thinning down the “ foots,” and impartin|.^ h| 
properties on account of its low specific gravity. 

The Swedish Three Crown'' Oil is also a mixttis 
various seal oils with ordinary fish oils. Both kinds art: 
with adulterated with fatty vegetable oils. The specific ri 
of the “three crown” oil is 0*923, The Greenland ** 
crown” oil deposits stearin below 5° C. The ratios t$f • 
bility in alcohol are as follows :— 

ioo vols. of cold alcohol i vol. of oil, 100 vols. of 
alcohol 9 vols. of oil; 10 vols. of oil dissolve i voL of alec 
10 vols. of oil require 7 i vols. of ether for their solntioii- 
. (d) Newfoundland Seal Oil. — The yellow, inodorous^ c lii 
and strong-smelling commercial varieties have densitit 
0-927, 0*927 and 0*927, respectively, at 15° C The sell 
point is below 4° C, and the solubility ratios the same mf 
preceding class. 

(e) South Sea Seal Oil, from the long-nosed 
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elephant* seai linn, eared .seal, nr New Ilnllanci seal, is pale 
yellow to brown in colour and has a sfH,:cifk! gravity cd 0*921« 
O'03f> at 15' (1 

All walrus and seal oils have a clisagrtreahle snielh th«it 
of fhi: bnnvii kinds, which is due: to putrefaction productH, 
beii4,j tile hast supportable* I'hby contain gelatin but no 
allHioiinoids ; the foniK:r may Ik* prcc:ipitate<l by trta'itinenl 
wulli pignieiits and metallic salts. I'hc specific gravity at 
I 5' C ranges from 0-91 5-0*930 ; thtty are but sliglitly soluble 
in akohoi aiici rcffiiire almost their own Vf>Iinnc of tdher to 
effect their soitilion. A ftnv already deposit stearin ladow 
5* C., others sc!t only latlow /.cro (at 2 l<i 3" <!.) to a 
solid mass. When fpiift! frcrsli thcrir reaction is f)uf faintly 
acid, but the pf.*rcc:utapr of atJd iik reases with agc!. I’hey 
coiitaiii priia ipal!)’ rridirs r4 physetoliie, stearic;, pahnitic 
and a little oleic; arid ahiiig with small quantities of luityric 
acid, valeric acid, vtc. 

IJglit-lirowfi {freeiilaiici oil coiisiffls of: • 

77* Iff per ticfii, ciirliuii 

„ oigrii 

Seal oils vary in cmriprifiition according to ihcir origin and 
qiiality, the foilciiving fioiirc:s having lieen recorcied 
specific Iiriivilv I$"■ iS . , . . , 

Sfiliflifyitig jwifiii f 

luec fatty aciil** iio 

fitiffilicr . , , , , l7Kof|fi''a 

Iblififf fiiifiite’ 

tfiiaffrf . . , . . 

Mrlraiiit'c itwtet at m * C. . . , , . iqMtftoqU'j'i 

liriiliefi Alcerl . . , , , 

friiiiiir fiUlfil'ici rj.f'iacrVI 

Fuming nitric acid gives a reddircwii crilcifutioti ivith all 
seal oik. Stilphiiric acid fsfiecific: gravity, 1*65-170) gives at 
first a reficiis!i-yt:l!o%%\ thcii reclciisfi-brciwii, iirid finally brown- 
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red (!)lf)0(ldikcj coknir. Nitric arid aiui siilphiiiir a* id 
volumes—stain them a reddish at first, tnriiiiit: lirowii 

and finally darkd>rown. 

llic tests for adulteration with other oils arc? directed to 
detectiiiff other fish oils and rosin c)ils» which can he recci|^- 
nised on the one hand by their urmiv.r scilubility in alcaihob 
and on the other hand hy their incoinplete saponificatioic 
Afarine Am^nal (V/x—An article in Iht! ikiUtiin ^{f ike 
Imperial Institute (Apribjiuie, HjiH) is dcvtitcd to a ,series of 
samples of marine animal oils which were preparesi in Adcdii: 
Laml hy the members of the Australian Antarclic Kxpcditioii 
of I9I2»I3. These samples, thirteen in iiiimkjf, were for¬ 
warded by Sir Douglas Mawson^ who is of of)inioti that an in¬ 
dustry in these products is capible of being fkvdofied, prfi« 
vided that plans are first carefully ccMisidcred and worked out 
before actual operations are commenced, and that some forin 
of protection is devised to prevent the extermination of tlu.? 
animals. The samples, which were examined in the labora¬ 
tories of the Institute, consisted of five samples of sea Icoparci 
oil, seven samples of Weddell seal oil, and one sample of 
penguin oil ^These were extracted by different methods and 
from some the stearin^' had been removc?d : iifi doubt this 
could be done very effectually at such low terriperaliiros as 
they must have been subjected to. llie oik men: all pale 
yellow or golden yellow in cok-iiir, except the poigiiiii oil* 
which was brownish»»yellow ; they had one pniperty iiicoiiiisioii, 
and that was their fishy odour, hi the article referred to, 
analyses of all the oils arc given, and the maximum, itiiiiiiiiiifn 
and mean results are also brought together in a tttfiii: which 
we reproduce below 

Oil. 

Sp. gr. at-—— Sapftriificaliai icditw fioiel ©f 

15 ® C. Vtiye. Vtliic. I'litlyAKiit 

MaK. . . . <1*9*5 1905 127*5 il'irC, 

Min. . . . o-ga, 1937 jh,7 

Mean . . . 0-9245 194-4 
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Sttvc-ral cif nils wvrv. suhiiiitUal tn a L'ir|.^e firm 

of iiiif sorters, who woro of opinion that the sifa-ltjopani oils wore 
oqiial in value to Ni?wfoiiiiilIaiir! seal oil, wliich in I)t*€einhi!r* 
ipij, w%'is worth i, pctr toiL the Weddell M:a! oils would 
c:oiii|«!te with Nil. I whah? oil, valiical at to X”5fi pt^r tou^ 

while the peiiquin oil would In* worth alHiiit as iiiiirli as eriific: 
wliale ««i!. 

L h'LMI W\'-1L dl'\l\ ClILs III: 

iifitt* J/ii/er/rf/. Sinai I fish, siirh as tltr lit:rriu|p sprat, 
sarriifie, i%ardc!la, piicliarfi, iiierifiadeiL or the waste inaterials 
tlierefifiiiL aitcl from smelt, Halinnn, HikiriiH, sliirgiroiL elcs 

i^nfaraiitm, .headfi, giilletH aticl eiitriiik of the 

herrifii'L sarciiiie, sardella, etc, uh wdl its the whole fkh of 
Horric kirifis, wtieii eaiiglil; iii excessive quantities unci not 
otherwise titili/^abke—qittriiajM already in a state <if putrefitc- 
tioii -art! Iiiiilcf! with water in targe iron pari.s, file fat col¬ 
lecting the siirfjice hciiig skiiriiiieci off, cliirificd in large 
vals, atifl jiackcfi for sale; the residue finch etfipioyrrieiit in 
the iiiaiiiifiictiirc of fhii guano. The um of siitpliiirir or 
Ipvdrochlciric acid hm lieen fciitncl advaiitagcoiis in boiling, 
ill aiiotlier pmmm Ihe fish arc spriiiklfsl with 5 per cent, fhy 
a 45' Be soliilicm of ferric clilorick or ferric hiiT 
pintle, which preserves them iiiialtered for four nr five days; 
Ihc}' are then kateii In #i pulp, and presnifd, by wliicdi iiieaiis 
a liifgc cjiiaiilit)^ of water and oil k forced rmt I 1 u: press- 
cake*^ fire easily dricfi, tieccMtiing iriitfili* and fiiilvertileiit, and 
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can be ]>rcsscrcl a secoiifi tinic‘ brtwrt‘n hot platf , or f'\traf!r4 
with volatile solvents, wl^ereb}* a quaiitit\’*4 m;! * 4!i 

be rcc()vcrccL Oil can also l»e fiblainef! sii« li fi‘ 4 i and 

fish waste by means fif thi.‘ ccmtrifui^al se|iara!<a‘ Mirriiiaii 

patent, No. 23,974). 

The fish oils may be classificfl us follows:-- 

(a) //erring’ ml, Siret/is/i fish e/4 /Russian JiJi mi, Asii'inhan 

herring oil ; 

(/;) Sfrai oil ; 

(e) Sardine oil, /talian Jis/i e/4 Hlediferriinean f\%/i ?>//; 

{d) ISlchard oil, Spanish fish oil ; 

{e) Sardella oil; 

(f) Menhaden oil; 

(g) Salmon oil 

Generally these fish oils have 11 specific fishy taste aiici 
smell, and are pale yellow to brown in colour, with a sf^rcific 
gravity of 0*925 to 0*930 at I5''C Near freezing-point they 
deposit stearin. Alcohol takes up only 2 per rent, of tluo iil in 
the cold and 3*5 per cent on heating, and 5 vols. of oil rcrjiiiie 
2 vols. of ether for their solutiom AI! (wastefish oils arr 
browned by fuming nitric acid. Sulphuric acid of sfiecific 
gravity 1*65 to 170 imparts a characteristic greeiiish colora¬ 
tion at first, turning to brown, and finally cjuite filack. Sul¬ 
phuric and nitric acid in equal volumes, inixecJ, proiltice at 
first a yellowish, then greenish, and siibsec|iJerit!y lirrjwii 
coloration. Menhaden oil possesses drying pmj>erties awl bus 
been used for a paint oil 

Menhadm 0 / 4 —The menhaden {Alosa mrn/mdm) is a 
small fish of the herring tribe, about 8 to 14 in. which 
occurs in large numbers off the coast of Nortli Americii. K.e- 
cently a very interesting and full account of the meiihadeii 
industiy, by J. W. Turrentine, ap^ared in the Jmirmi nf 
Indbutrial ami Engineering Ckimisiry froin %vhich the fob 
lowing notes are taken 
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llie history of tlu^ nHiihadcn fislit-rv- is trarisl irum 
tht! advent of white settlrrs on the Ainerican o mlinoii!, wlitu 
the Indians of New Iin|4!aiid fertilised tlieir rn ifiIn* inifaiis <4 
fish. I.atcr it was found that tlie(>il contained in tilt! fish wa^- 
of no value for inanurial purposes, and that it roiild lie 
readily removt^d. Hence roiiydi and rtrafH’ methods of extraeh' 
ing the oil were clevised. Ihe method most giaicraliy in use 
was t(j idace the fish in barrels, alc>ii|4 with water, iiiifi cover 
them with !)oards. In a few days piitrefadioii set in, the dc^s* 
traction of the tissues allowiii|.*‘ tluf oi! to escape* and rise to 
the surface, from which it was removed hy skiiiiiiiifiip 
method was also taken up l>y the white settlers, hut in coiirsi" 
of time it became superseded by the method of cocikifif*; tin* 
fish in pots, and submitting the mass to pressure, the result 
being a better class of oil, less offensive smell, and shorleiiiitg 
of the time, besides which the fish scrap was obtained in a 
drier and better condition for handling. loiter the method of 
cooking in pots was replaced by steam cooking, the* firs! 
factory to adopt this process being a small one* erected iieai 
Portsmouth, Rhode Island, in 1841. Since! then llitr iiiriiistry 
has gradually developed, hand presses introduced in iK;ti 
giving way to hydraulic presses in the year 1H5H. In iH/O 
floating factories’’ were introduced, these kn'ng aniipped 
with boilers, cooking vats, and presses, but, f>wiiig to lack «if 
storage room in them they were gradually atMitifloficd. 

In 1884 the business reached almost its high water mark, 
fish b^ing caught, yielding 3,722,927 gailoiis fit’ 
oil and 68,863 tons of scrap. The smallest fatcli fiiiring re. 
•cent years was in 1892, when 223,623,750 fish were taken. 
The average number taken during the last 30 years is afipnnci* 
mately 500 ,ooo,ocx> fish. The incomplete figures for ic^i2 
indicate, however, for that year 9^,000,000 fisk 

At present there are about forty factories mi the Atlantic 
seaboard manufacturing fish scrap, most of them being in the 
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StalcN cif Viri^inia aiifl North Carolina, tluj tanitrn of thi! iio 
dtisfry beiiio the Chesapeake: Ba\' repjon, 

llie fishiin^ UMially c:«Jiimieiices ahonl April, au<l eiid.s in 
Nuvein!>f*r, tlic: iiiiloadiiip tif the vessels hcs'ni* mostly dime* by 
hiukt:! (‘levafois, whicii raise* tin: fislt em to flu: tjuay stilt*, and 
delfi'rr them info bins tor the purfasst! of finsisurinp.. ‘1 he* 
fi'di, i»f csnifsc!, vai’}’ in si'/c.!, but it is i'ousiilensl that tocio 
fiNh nieasiii'i! cailiic" tlu,:rcf<n’c this bulk, wliether 

it Ciiiilaiiis jiici or fish is coiiiitcsl as loof?; tlic maright 

is ap|iryxiiiiatt!ly hfph lb., and <„:qiials liarrehu h'nati the* 
liitrasiiriiig bins the fish are alk>\ved to fall into storage bins, 
fri-Uii whic:Ii they* art: taken to flit! rof>ker.s. 

llif* old !iif.:thf#d of f ookiiig in open vat'ds stiil in use, but 
the newer nrUiaid of iMuldii;; by strain i* more f*s peilit itais, 
and, iiioirovei. i » <» »ijtiiiiioii*-, fla feih bein’,* feel iutn a long 
nariow « \'fiijdt'r proviiled uith a sc nnv foi tliein tor 

ward, will It: the steal n is injetUed dircall}' aiiioii|» the fish. 
1 hi! capaeily of hiicIi a cyliiickrr is about i<n,ricKi per lioiir, 

'Hu* iiiofkrii jic:r«:w press ciiiiHisIs of a IritiiCittfid tauie plaerd 
horizonlally ; tlinuigli thii mmirc of this cone a hltaft, 

on wliidi is built a fcriwv la|ii:red lo fit the coiicssliitjietl curb, 
llie rolalioii of the screw carrien the cooked fidi forward into 
tin: sni#i!l part of l!ii: lairb ivlirre it is Hiibiiiitled to pres^4lrc. 
1 he t:X|iie!4*ic:d iiiateria! h forced Ihrotigli the flatted sidiM of 
file curb, the water and oil being caiigiil by a metal sliidfl 
Hiirroi'iiidiiig the prcM% froiii mliich it h concliicted by pipes 
leaf ling to the fji! rooiii. llie fish scrap pamia otit of the 
Miiall end of I lie curie aiid iaib ifito tilt; btickeis of a ctiiiveyer, 
from which it is ddivenal in ihe dryiiig-rwiiin luo tic of the 
mans cfUiiing from llie ctiokers 22 lb. of dry imitter 

and yK lb. of water. In the press 56 lb. are rcinovcfl, lenviiig 
#1 mass of 44 lie, ccjiiHisliiig of 22 11c of dry uiiiiler and 22 lb. 
of water |cr centHit: pressing is both atitciitiatic and 

CllflllilllOllW 
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Fig. 74 shows a battery of Concentrator drying machines 
constructed by Rose, Downs & Thompson, Ltd., for drying 
fish waste for conversion into meat meal or manure. The 
standard size of the cylinder is 13 ft long by S to 6 ft 
diameter. It is constructed either of steel or of cast iron and 
is jacketed for steam heating. The machine will hold to 
if tons of offal which is dried in about eight hours. 

The hot air drier for drying the fish scrap is almost uni¬ 
versally employed. This consists of an insulated iron cylinder 
about 6 ft diameter and 30 or 40 ft. in length. It is provided 
inside with a series of iron flanges, or shelves, about 8 in. wide, 
running the whole length. These are for the purpose of lifting 
the scrap and dropping it through the hot air. The cylinder 
is rotated by an electric motor, a forced draught of hot air 
being induced in it by means of a fan. The wet fish scrap is 
charged into one end, while the dry scrap falls out of the other 
into a brick chamber, from which elevators remove it to the 
bagging room. The transit of the material through the drier 
occupies from 3 to 20 minutes, in which time the moisture 
content is reduced to about 7 per cent. A million fish will 
produce 75 to 85 tons of dry scrap. 

With regard to menhaden oil, it is stated that this oil ap¬ 
peared on the market in the early sixties in considerable 
quantities, and commanded very high prices. In the nineties 
the annual production exceeded 2,000,000 gals., a figure which 
has been closely maintained. The price in 1865 was 40c. 
per gal., but it gradually fell to 17c. in 1905. The present 
price is 23c. to 28c. per gallon. 

The mixture of oil and water running from the presses is 
conducted to the first or uppermost series of tanks, in which 
it is allowed to stand, the water and oil separating. This may 
be hastened by heating with steam, for which purpose coils are 
provided. The oil is allowed to flow by a suitable arrange¬ 
ment of weirs through a series of tanks in which by means of 





mm 
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stronger by steam, it is yniciiially piiriliffl, f!i«‘ uattrr 

and fine partic:leH of fish settling ouf. I'he knuwn 

gurry/’ is cither sold tr» Hoap-inakers ur is pressed in lKt|p; for 
the recovery c)f the (»il it ccuitains, llie [iiirificf! oil is riiii 

into barrels. 

The yield of oil in different yearn and stasoiis varies coin 
sidcrably. In the year Ipoo, ttie yield niiiged frcirri :4'5I to 
6*39 gals, per looo of fish. The fish taken in iIr: hil! give 
the highest yield, /.r., 12 or even 15 ga!s. |Mn‘ 1000 fisln 

Crude menhaden oil varies in colour from light .iiiri!M,:r fo 
dark l>rowiL It was formerly used ns an illiiiiiiiiatii and fur 
currying leather. It is used very largely as a jmiiit vehicle, m 
a lubricant, and as a soap-making greaseg m well as for tem¬ 
pering steel It may be used as a paint oil, either irtixed with 
25 per cent of linseed oil or along with a drier» preferably a 
tungate, one made from tung oil by toiling with a lead or 
manganese compound 

77 ie Fattf Acids 0/Menhaden (V/.~Tlie cleterfiiiiiatioii of 
the composition of a mixture fatty acids is not alw;t)'M an 
easy matter, therefore a pafjcr by li. Iwifcliell in the saiiicr 
journal is e.s|)ecially welcome. The inetliod eiriploytal msts a 
modification of the welbknowii procesH of dclenriiiiiiig flie 
molecular weights known as the freezing-point or 
method In this case the .solvent h a pure fatly acirl of kiiowii 
melting-point, which being one of the constituenift of the mix¬ 
ture had no influence on the freezing-poiiit, the depression 
found being clue to the other acids preserii. It wim iissiiinefl 
for this purfKxse that the fatty acids present in coifirrnm 
having about the same molecular weights, had practicnlly the 
same influence, which is near enough to the Irullg the liepres* 
Sion in the frcezirig-ijoint being 4'^ when 20 parts of one acid 
is added to 80 parts of another, used as solvent, llic inetliofl 
is applicable only to solid acids, but it can be extended Ici the 
liquid acids by examining the solid protiiicts obliiriecJ by 
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hyflrogenation ; cileic, linolic, linolcnir, ati<I cIupaiicKkinic atari 
oil Imiro|ren«iti(>n all yidcliii|( stearic acid, and alsc) in the prc^» 
ducts of fusiciii with caustic potash, unsaturated acids of the 
oleic scrivs }’i«,‘lciino soil’d acids with two less carbon atcjfiis, 
oleic acid, lor iiistant't?, heini^ converttrd into |ialoulic acid, 
e*rucic aciri arachidic acid, etc. d'he iriendjers of the 

liiiuHc: scric> yield solid acids with four less car he a i at tans, 
liiioHc acid, for iiistaiiccr, jiassiijo into iiiyristlc ac:iri. With ro 
gard to acids with three and lour dtuihlc linkages, no experi- 
iiieiitH have yet been recorded, but they prrdiably hirni acids 
with six and ciight less carlw)ii atoms respectivcily. A des¬ 
cription is given of the iiurthods i)i prc:pariiig pure inyristic 
acid : M.p, s.vyn , from imfiiieg btiitcr and pure arachidic 
acid, iii.p, 7.1 *7S , from tla* irnicic arid of rapi,!sc*t!d ui! for use 
as :0)lvc!nts and flu* effect fd addin|,j 2ff parts of rau’ acid ti» Ko 
parts of another on the nielting-poin!, the acids vxiunhwd being 
bdieiiic, aratJiidic. stiaric, palmitic, and iiiyristir:. Idil! detaib 
arc givert of the itielhod of clctcriiiiiiiiig the fatty acids in 
mcriliaficn oil in the iirigifial In a previous coitiuiittii« 

ciilifiri ill 1914 tile aiittior guve the comfMistiioii as fur as it 
coiilfi be ascerliiiiicd m 
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*nie|f]shery department of the Madras Government have 
hecen carrying lOut investigations into the production of sardine 
f>il SLt their experimental station at Cannanore and later at 
I aniar-, which has proved very successful. This has resulted 
ni thre founding of anew, industry, there being in 1909 only 
one pa-ivate factory in operation whereas at the beginning of 
the IQ11-12 season there were some 40 or 50 small fac¬ 
tories producing the crude oil in Malabar and South Canara, 
and similar developments were regarded as likely to take 
plaoo a.lso in Cochin and Travancore. 

Several samples of the different grades of sardine oil ex¬ 
tracted at the Government Station were examined at the 
Imperial Institute in 1912, the figures obtained for the yellow 

oils being as follows: Specific gravity at C, 0*876 to 

0*878 ; acid value, 1*8 to 7-1 ; saponification value, 193 to 198 ; 
and iodine value, 154 to 159. Two crude brown oils had 
acid values of 35*0 and 53*5 respectively, otherwise the figures 
were the same. As the iodine values of these oils are practi¬ 
cally^ the same as that’of cod oil (about 155), which is used 
largely/ for leather dressing, it is suggested that these sardine 
oils “would probably be suitable for the same purpose. The 
ioclirie value varies directly with the tendency to oxidise 
under favourable conditions, which latter is an important 
property in oils for leather dressing. 

“ 4. Liver Oils (Leberthrane). 

JR.c^iv Material —The livers of the following fish: Cod, 
ling, baddock, coal-fish, merlangus, or pollack, sea-pike, or 
sma.ll cod, shark (common shark, great shark, ice shark, 
hamEiner-headed shark), ray (prickly ray, smooth ray, spiny 
ray), skate. 

Pf^eparation .—The process of preparation is not univer¬ 
sally* the same, being carried out with greater or less care, so 
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tliat, natunilly, the ])ro(lurts (iiffer very caaisidcTahly witli 
rq^anl to colour, taste aiifl .sniell. 

1. After the catch the.* livtT is cut out ef the fish, ci>lk:€te(h 
clc^anseei from hlocal and a<ilierciit entrails, and placed in tall 
upriyjit ('asks fitteci with three! tafis at the side and exposed 
to the siiiL lU’ the* Ikm! of the latter, ancl also lliat f|c!V(!lop€!cI 
spontaneously in tlic mass, a licpiid is ohtained rescmhliiig 
poppy oik kIKnvn as “ c'lear pale livtT tn!lliis product is 
drawn off through the: two uppe^r taps, and the auitentsof the 
cask arc then weighted with sttuics. Tht! <ul tihtaincal from 
liver which has been huig stt?rt!ti is iic'ver s(t clear and well 
flavoured as that from fresh. In the course tjf further spoii- 
taiicoiiH heating and the resulting,; pulrcfatiit»n a further 
quaiilit}^ of oil, kmavn as “ c:lf*ar hrt»wn li\‘er otlf is obtainetl, 
wliich is rirawn off tIiroii?,fli the hot! tan tap. I'he re'uduc in 
the cask is hoiled or roasted in iron pans, yielding, “linavn 
liver oil 

2. By steiiiiiiig the liver.’'“a rrielhod cakiilatol to advaii- 

tageoiisly rcpincc the fiiilrcfaclion pnicesi—'fiiicr and tiifiri* 
limpid oils of iriilder flitvciiir and iiliiiosl iieiilral reliction arc 
obtitiiicfi* wdiereii^ the self-rtiii oils are iilwayn tleciciedly iicid. 
Ill the: slcaiiiiiig process^ the wxdBcleaited livcTs freecl from 
hlfiod awl cut up small are Ireated with Icnv presHiire Hteaiii 
in cloHcd virssek, wherehy the tissues contract and the oil 
Hills tail. llii: prodiicl: from the ewi thus obtairiecl ii 

iiiediciual fcoridivef/ oil” or stcaffi liver oil/' and liciiig 
iiiaiiily prf|)ari:d at Bergeii in Korw'iiy, is met wudli in com*' 
fiicrci: as ** Bergen cnd-ltver oil”. In the way itko 

NemdoiiiidlaiKr' aiicl Labrador cciddiver ciils ” lire prepared, 
tliese iliffcriiig from the first iiaiiied only liy the wimewhiil 
larger coiilent of slcariig ivliich coiiiiricficcH tci depoHil at 7‘ to 
5'*' C, lilt; residues frciiii the stearniiig proexsHs arc presserl, 
yielding a Hccoiifh nitlier iiicirc highly-coioiircd oil In the: 
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pre[)aratif)n of liver oil by steain the fallowing points have* !r> 
be observed 

fij Great care must bt: exercised iti tin: .selection (sf the 

liver, only perfectly souiul livers.-hut not grc*en, reddish or 

blackish pieces—being chosen, since the coloured kinds sjitxd- 
fied are only fit for tanners* oil. Livers which have lain for 
more than twelve hours in summer or twenty-tfuir hours in 
winter arc no longer suitable for meclicinal oil 

(2) Extreme cleanliness must prevail, and both the liver 
and the vessels used must be cleansed with hot waiter every 
time. 

(3) The liver must imt be heated above Jtf C. ex¬ 
posed to that temperature for more than forty-five minutes at 
the outside; the shorter time it is heated the better is the 
resulting oil 

(4) Filtration must be carefully performed in order to 
remove even the very finest solid particles from the oil. Dur¬ 
ing the entire process the oil must not be exposed ta the air 
more than is absolutely necessary. 

(5) Pressing is a method employed chiefly in Scotland. 
The fresh liver, thoroughly cleaned and cut up small is 
heated in iron pans to 80' -90'’' C.,and continually stirred until 
converted into a pulpy mass, which is then placed in large 
calico bags, filtration taking place whilst hot, the residiie 
being subsequently pressed for removal of the residtial oil. 
At 15L16"* C the oils deposit a consideral^le qtiarilily ^»f 
stearin, which is removed by filtering. In other cases the 
well-cleaned and perfectly fresh livers are heated along with 
water to 80** C until all the oil has exuded, the latter being 
skimmed off and filtered through flannel—a second filtraliciii 
following in order to remove the solid matters which cieposit 
on standing. 

The percentage of oil yielded by the liver cif the cod varies 
from 44 to 574 (Moeller). The '^steariiL' which separates on 
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ccsii-Hvur .^1; U *! . ■/ :• o 'O *Oc*:tr 'vr-:e o 

a 110^1“ >’ i/ ^a! J iO::F 'AIOO OU'C'"^ a- thv 

fi^ure*^ ]s,\ Ih." t-r/.^r 

•^tcani p' t.T'- i"'ei:l iji: 

* , iTcc-d 

frted ir,,ni o ’ In 

The h)ilown_» aretha |A“a;.!’; a’, .p. - < - 

i'l) {'A'/-Z/:/;■ T;, *KjO .i4t :e.i I> p «. Iheht tt i'.aa' I ,p- 

berthraii). 

Ui these tliie'e -ire in imv •:„ r paipp : .* .a' p* .'•> 

a ( If^ir I\;i V h;:/’" ■ 'p. p. ,, . p -■ m 

cliarpicteristic, ni t ;-t j il^. s p. M , t . ‘:o. r 

reactiiui faint!} ar n t » on:.- • i'p ■* -; p o’ ^"P ,F, 

i 3 M :3 at 15 C. , - f.nhf'tvMH.: p-' ’’‘"h ' ^ : 

percent, in hot alcohef c'-toi iiipcfle' !. ; i:\ ...a « - - . - 

clear lyrezefj iJrtr i''h\ C.^ur. Tneat-p .t a/, a’/ 
smell and taste, stroni^*, bitter anti irntatini^ to the ih^a ot , 
reaction, more strongly acid to litmus paper, specific gra\H>. 
0*925 at 15'' C, ; solubility, 2*5-3 |.ieT cent. In coni, 5-6 
cent* ill hot alcohol* Also used for fnedicinal e!iiiiisio!!>. 

(7) Brewm Lreer Dark browin occasionallj bkcliHh- 

brown in colour, greenish to bluish-green by t ran sm it tod light 
transparent in thin layers ; peculian unpleasant, empyreu- 
malic odour and bitter taste, highly irritating to the 
The oil strongly reddens litmus paper, and has a spec "he 
gravity of 0*929 at l 5" C Alcohol dissolves 5T-^f S per €€nt 
in the cold and 6*5-7 per cent* at boiling temperature ; vlher 
dissolves it in all proportions. Used under the narae -MO'd 
oil” in the leather trade. 

it was shown by Heyerdahl that ccxl-liver oils coiitapied 
very varying quantities of hydroxy acids, whicii i%’ere due tA 
•oxidation taking place during extraction. These hy(lfox\* 
acids are very detrimental to the rncdidnal oil, hence the 
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hcalin|4‘ (^f the livers and their eX|M>siirc* te the atnic^spliere is 
curtailed as much as possible f!\Ieelk!rL 

lh)r asccrtainiii|4" whether a “ rod oil ” is Miita!>le or «»ther>» 
wise for use in the tannin|.^ industry, Liolinaii and Peters 
{Jour, Soiy. Chun. Ind,, 1902, p. 693) use the following 
process: 0*5 to i grin, of the oil is weighed out info a flask 
of4cjoc.c capacity, and shaken well with i 50 r.r. of watt*r; 
25 c.c. of normal permanganate solution is added ami well 
mixed. I’hc mixture is allowed to stand for two li«»urs, 
shaking at fre<|uent intervals. At the end of tv/o hours the 
mixture is filtered from the black precipitate into a 250 c.c 
flask and water added to make up to the mark. 50 cc were 
taken out and titrated with normal ferrous sulphate. A blank 
experiment is made at the same time, and the difference in the 
two titrations gives the amount of oxygen reepired to oxidise 
the oil. As the oxidation value increases the more unsuitable 
becomes the oil for leather making. Good oils give oxicLaticm 
figures of 10 to 25 ; while those which are useless give figures 
ranging from 46 to 85. I'he iodine value, saponificati«iii 

value and acid value are of no service in clctcriiiiiiing tin* 
suitability of cod oils for treating leather. 

Properties of Coed Aver (i//.—These, so far as regar«!s ccdoiir, 
smell, taste and solubility, have been already fletaikiL I'he 
elementary composition is as follows 

75’cjr per cent, carkjii 
12*22 „ hydrogen 

« *87 „ fjxygen 

Cod-liver oil is a mixture of numerous glyccrirlcs : thcise of 

oleic, therapic, jecoleic, stearic and myristic acids being the 
most prominent, also hydroxy acids or their glycerides; 
and, moreover, contains free acids such as butyric, acetic, 
gadoleic acids, and gall constituents such as fellic acid, cholic 
acid^ bilifellic acid, biliverdin, bilifulviii. Among the baies 
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present art* small quantities of trinu:thylamiiit% |irupy!amint% 
amylaminc, hexylamiiic, and a new liast*, hydrnt< 4 uiclint*, 
in^ at idH- 2CKJ'C., as well as two non-volatilc* bases, asei- 
line aiifl inca'nihiiic oil, 2*5-3 pur cent. ; white cul, 1*5-2 

per vent, ; brown iiil, ‘I'S-d pt!r cent, inorruliiiu* . .\IoNt of 
these were! the products of dcaanupositicai fbrnit.'d cluriiip tlu! 
piitn^faction of tiar livers an<i art: laU fbuiid in the intrdicaiial 
oils of to-day. 

'rhentfdc acid was found by llc*yerdahl to have the: formula 
**■ Idghly uiisatiirated acid ot a new ijroiip, 
al>sorbin|,^ K atoms of bromine: to form tlu? camipound 
CV;H,,Br.U,, 

Tliere an? likc:wise present, in ois^aiiic eoin!>ination, small 
r|iiaiititi«:s chlorine, bnuiiine, iodine, sulphur and phosphorus 
f‘oiitpr>iiiids, aluny with the sulpliates aiul pho'.phatco* of lime, 
iiuqpirsia and sofia. 

'/p ( bii/-/vi7/ iWfSaythraii, SaylelMaUliraii* Ivolilfisrhlliraii;. 

. "-Thifse oik c:cirr€.s|i«iifi in fltivoiir and siiit?l! with uod-livfU’ 

oil Caiic! lilccjfio! ciisstilvcs j%| per c:c:iiL| hot aicoiiot frj pi?r 
cent. Hit: cliefiiiciil ccanpositiciii agrees willi the ibregoifig 
ciil. taiakfisli oil exhibits iht! jieciiliarity of cIiqKihiliiin Htilid 
fatty acids at C.,k ot which it coiiiaiiis, acaairdiiig to 

the researches of Krcincl, twice as iarge a ijiiaiifily as Cfiil- 
liver oil; although it sliotilci not tie forgotten that their 
iimoiiiit defieiids on the more nr less carefitl rciiiova! of the 
.stearin during the preparation of the oil Hie *4|R?c:ific gravity 
k iiy 2 S<)y 2 / at 1 5 

7 s (k7 f Ilaifisclithniii).—Idle liver of the 

shark is very heavy, often weighing as tritich as i ton (giant 
shark aric! yielding some 5 cwt. of oil 

Hie colour of th«: til! is pale yellow and clcran and it stJl! 
rerriaiiis licjiii^i cooled to ft V. ; its specific gnivity is 

0*9105-0*9177, at 15 C, a sharkk-liver cii! with a higher 
S|«cifk gravity than Ihis bciiig ahvays regarded with nuspiciom 
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The smell is peculiar, but not very repellent, like the t;4‘4t% 
which prfKluces an irritatinij aitm*~effec:t. 'Fen vi»ls. «jf rnH 
alcohol dissolve i voL, hot alcoliol 4 vols. ; 1 vol. of etlieiA 
I vol. of oil. I’hc oil burns with a hriftht Oairie without rar- 
bonisinp^ the wick. The constittienls arc the same as in cod- 
liver oil, but in difrerent proportions; the amount cif icidine is 
somewhat lari^er. 

(d) Ray-f.wer (hi (Rocheiilehertfiraiy.* Ccdoiir pale m* 
golden ycUrjiw”; taste and srncll less uiiplcasaiit than in ordin¬ 
ary liver c)il ; it exhibits no acid reaction ; Hpcxific gravity 
at I s'" 0*928; cold alcohol dissolves I‘5 per cent, hot 

alcohol 14*5 per cent, cold ether | vol, boiling ether H8 jier 
cent Near the freezing-point it deposits stearin ; and it con¬ 
tains a larger percentage of iodine than cocl-Iiver oil. Chlorine 
gas produces scarcely any alteration. 

According to Beiiedikt, cod-liver oil is a Jdghly complex 
mixture of small quantities of olein, physetolein, pakiiitin, 
stearin, etc., with the glyceride of a hitherto unkinmni iin- 
saturated fatty acid, probably belonging to the linolic acid 
series. It conteins variable amounts of free fatty acids, fur 
the saturation of which Kreme! found 0*62 to 28*67 grins, of 
calcium hydrate necessary per 1000 grms of oil. A little: 
cholesterin (0*46 to 1*32 per cent. accor<ling to Allen and 
Thomson) is present wdiich can be isolaterl by sapoiiificiilioii 
and extraction with ether, the characteristic tabular cryHiahi 
of cholesterin being obtained by recrystallising from aicohn! 
the residue left after eva|)orating the ether. On the oilier 
hand, according to Jean, 6 per cent of liver oil consists of it 
pale yellow, oily, unsaponifiable mass, which is slaiiied a 
beautiful red by the addition of one drop of sulfitiuric acrif!. 

Characteristic of this oil is its content of biie coimtiliiriils, 
by reason of which several colour reactions can lie obtaiiicci 
The ash contains iodine, which can best be detected tjy itjicirii- 
fytng the oil with caustic potash or soda, coiicentratirifcalcin** 
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the residue, and then testing for iodine in the ordinary* 
manner. None of the iodine can be extracted by shaking* up' 
with water or alcohol, so that the intentional addition of 
potassium iodide to this oil can be detected by extracting with 
alcohol and testing the residue left on evaporating the solvent. 
Krcmd made the examination of liver oils the subject of ex¬ 
haustive study, principally with the object of finding cliara.cter- 
istic indications for-distinguishing cod-liver oil, Japanese oil, 
coal-fisli oil and seal oil. 

As will be'seen from the appended table, no reliable in¬ 
formation can be obtained from the specific gravity, iodiine 
number or saponification value. On the other hand, coal-fish 
oil contains twice as large a quantity of solid fatty acids as 
any of the other fish oils, which, however, may, as already 
mentioned, be due to insufficient separation of the stcarim. 

The following analyses were made by Krcinel in 188-4 :— 
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I'hc niclting’-poinl of thcr solid fatty acids is hi^^Iu’f in seal 
oil than in the other kinds. 

Acaa'fliiL^ to Mayer, a c:cHl-Iivc.*r ch’1 is punr if, when sliakcai 
up with one-tenth of its bulk of nitrfH.sulphuric arid ''i ; i), it 
l^ires a coloration hri^dit nrd at first but cpiickly turiiin|.' to 
citron yellow, since in the cither fish oils the transition is 
either not so distinct or on the other hand a brownish-violet 
coloraticHi is prcKiuccd. 

Rdssler aititates with acfiia ref^ia, with wdiich pure caid- 
Hver oil forms a greenish dark-yellow linirneiit, cdiaiiging to 
a permanent brown after half an hrmr, whereas wiiittr seal 
oil or a mixture thereof with cod-liver oil gives a faintly 
yellow liquid under this test, 

Krcmel found the tehaviour of the oil in presence of 
fuming nitric acid (s{>ecific gravity, i '50) to be a far more suit¬ 
able means of identification. If 10 or 12 drops of the sam|>le 
be placed on a watch glass and 3 to 5 drops of nitric acid 
run in from one .side, the following changes are ofjserved * 

Pure cod-iwer oil becomes red at the f)lanc of ccmtact of 
the liquids, turning to bright red cm stirring, f)iit c|»ic:k!y 
changing into a pure yellow. 

CoaPfish f ;/7 becomes intensely blue at the point of influx, 
the colour changing to brown on stirring, and remainifig so 
for two or three hours, finally becoming black. 

JapaneseJlsk ^//behaves like the last named t^xcepl that 
red streaks often accompany the blue. 

Seal ml is unaltered at first, arirl tiiriis brown caily after 
some time. 

The nitric acid reaction is so characteristic that the ackil- 
terations named can be detected easily in cjiiantities from 25 
per cent downwards. 

The adulteration of the oil with non-drying fatty oils can 
be detected by the iodine number, which is in these fish oils 

unusually high. 
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Drying oils may be recognised by spi'eading a sample out 
thinly on the surface of a glass plate, and keeping in a warm 
place; the fish oils, although they oxidise very quickly, form 
no solid skin. 

If I part offish oil be .stirred up thoroughly with 2 parts 
of concentrated sulphuric acid in a tall glass, the mixture will 
he clear only in case no foreign fats are pre.sent. 

Testing Fish Oils .—The better classes of fish oils are for 
the most part only adulterated with similar oils of low quality, 
falsification with other oils being practised on the medicinal 
oils only. In testing, regard mu.st be paid to the specific 
gravity. Shark oil is the lightest, the specific gravity of this 
oil being O-SJO-O’S/S at 15" C.; next follow the .sperm oils, 
0'88o-0'B85 ; the whale (blubber) oils, o-gi4.o-o-g2^ ; the seal 
oils, 0-9i5-0'930; the liver oils, o-920-o-95o; and the fish 
(waste) oils, 0-925-0-930. The.se particulars refer only to the 
pale and clear brown oiks, the darker kinds averaging about 
o.cxos more. A further guide to a decision is affordecj by the 
varying solubility in alcohol. 

Seal and whale oils are very readily soluble (the former 
up to 15 per cent.) in hot alcohol so that more than i vol. of 
oil dissolves in 10 vol. of alcohol, whereas liver oils dissolve 
only up to 6 or 7 per cent, and fish (waste) oils only to 4 per 
cent. By solution in alcohol the presence of resin and mineral 
oils can be detected at the same time, being characterised 
by their ready solubility in alcohol, but they require, how¬ 
ever, to be confirmed by the saponification test, being them¬ 
selves unsaponifiable. The addition of resin may also be 
proved by agitation in cold alcohol. 

According to Salkowsky, the adulteration of liver oils with 
vegetable oils can be recognised by the following methods :— 

The Setting-Point and Melting-Point .—The first of these 
is fairly low in fish oils, but the individual kinds vary con¬ 
siderably among themselves, owing to the removal of the 
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solid portions niorc or less !>}’cooliiii,;. ‘Jlic tinn* nrquirrd tor 
seltin|4’is also of importance:, it !>eiii|^ fra-dhio in a few tao’s, 
or;., palm oil, coco-mit cal, palm-kcrnt*l oil, when 
like 20 percent, is present, tc? cletert tlu-m by the rapid 
of the liver oil 

The Reichert-.Meissl miin!>cr was bnmei for liver oil. afler 
deduction of the correction (r 2 (on -on! for the: indicatcir prr 
5 ^nus.j. h'or the majority <jf the fat1.\ oils few 
numljcrs were obtained; only for coco-nut oil and pialiii’ 
kernel oil were: the numbers 7*38 and 3*48 fotiiicL Only tliese 
two oils would, therefore:, be delectable with any degrta* of 
proba!)iIity in fish oil, and then only when in large qiiaiitil}’. 

af Suiphurit AcM,- .'The test is preferably applitfd 

in two forms, in that on the one hand milphiiric: acid is run 
direct itito the oil in a watch glasH, and on the other, ii few 
drops of the oil arc dissolved in chloroform and then shaken 
up with the acid. A blue coloration ensues, the cause bung 
attributable, not to the 0*3 per cent, of cholesterin, nor to aii)‘ 
biliary colouring matter present, 'but rather to a pigiiicii! 
known as lipcichromc. 

Jistimaiion of ike PkyiosieriH tWi/iw/.—llu: choltAdirriii tjf 
liver oil is not identical ivith that obtained from vegetable 
oils, tlie latter agreeing with phytosterin. Cholesteriii sets to 
a pulp of laminated crystals, phytosterin to fasciciiiar groups 
of solid needles. The melting-point of the latter is abtmi 
I32'-I34'' C, that of cholesterin being 146" C These differ¬ 
ences are sufficiently characteristic to enable vegetable fats to 
be detected in liver oil If 10 gnus, of liver 01! be suficiriifitecl 
with 10 grms. of caustic potash and a little alcohol, liieii 
diluted with water to a 600-700 c.c. solution, shaken up with 
560 C.C. of ether, and the ethereal extract filtered, evafioniteci 
and purified, if necessary, by a second sii{)oiiifical!c.iig the 

lesterin will be obtained in a nearly pure state. Ihiit friiiii 
^‘Ver oil will have a melting-ixiiiit of 146*’' C, whilst lliai 
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from oil containing 20 per cent, of vegetable oils will melt at 
I39°-I40° C. The microscopic alexamination of the choles- 
terin affords another means of detecting adulteration (see 

p. 301). 

Whereas liver oil contains, according to Allen and Thom¬ 
son, 0*46-1 *32 per cent., or, according to Salkowsky, only 0*3 
per cent, of cholesterin, Jean found therein 6 per. cent, of an 
oily, unsaponifiable substance, which gives a beautiful red 
coloration with a drop of sulphuric acid. In order to test 
the accuracy of these reports Fahrion determined the choles¬ 
terin in thirty samples of fish oils, by Honig and Spitz’s 
method. Of these, fourteen contained less than i per cent, 
eleven between i and 2 per cent, three between 2 and 3 per 
cent, and only two shark oils more than 3 per cent of un¬ 
saponifiable matter. Shark oils are classed on the one hand 
with the liquid waxes, and on the other with the liver oils, 
the numbers obtained tending more in favour of the latter 
assumption. 

In the case of cod-liver oils the darker sorts, as a rule, 
contain more cholesterin than the lighter grades. This may 
result from the method of preparation, the lighter qualities 
being obtained by cold, and the darker by the subsequent 
warm pressing. From the figures obtained it is permissible 
to conclude that the cholesterin content (6 per cent.) reported 
by Jean is quite possible. 

The percentage of free fatty acids in good liver oils is very 
small, about 0*25-0*69 per cent, whilst most of the commercial 
vegetable oils contain larger quantities. 

The method proposed by Salkowsky for estimating the 
volatile fatty acids insoluble in water is rather cumbrous and 
uncertain in its results and is, therefore, not very suitable for 
use in practice. 

Dulifere examined various liver oils and found the values 

given in the French Pharmacopoeia to be too low; there the 

16 
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specific gravity is given as 0-920-0*922, whereas he found it to 
be 0*9271 at 15° C. Oil prepared‘ from fresh livers should 
not redden blue litmus paper. Contrary to the views of 
various investigators, Dulifere was unable to discover any 
alkaloids in perfectly fresh liver oils or in the white com¬ 
mercial- oils. The iodine numbers of liver oils freshly pre¬ 
pared by the auther, as well as those of good commercial 
grades, approximate very closely, and range from 144-1 51 ; 
the Indian and similar oils have iodine numbers varying 
between 116 and 13874, and that of Japanese oil is still lower, 
viz., 98*74. 

Artificial Train Oil and its Preparation. 

By artificial train oil is understood a dark-coloured • pro¬ 
duct prepared from rosin oil and extensively circulated in 
commerce under the name of “lion train oil'’ (Lowenthran). 
It plays an important part in chemical industries on the small 
scale. The pale train oils, commercially known as fish oils, 
are as a rule pure, or at most adulterated, being rarely ex¬ 
clusively artificial products. 

The dark oil is, as already mentioned, chiefly a rosin pro¬ 
duct. Although low quality materials alone are used for its 
production, the preparation is particularly difficult owing to 
the very particular requirements exacted by consumers. The 
criteria of the quality of artificial train oil are colour, odour, 
viscosity, and feel, as well, of course, it being necessary for the 
colour to be deep black, without fluorescence, by reflected 
light and reddish-brown in thin layers by transmitted light. 
The oil must be perfectly clear and of at least the consistency 
of syrup. When rubbed between the fingers it should not ex¬ 
hibit any great degree of slipperiness, although not sticky, 
such as happens when vulcan oil, for instance, is present 

It is a decidedly difficult matter to produce from the 
materials at disposal (in Germany); an artificial train oil 
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fulfilling the above n!{|uircuiciitH whic h t*aii la* a! th«‘ 

low prices iicccNsai*}’ to meet foreign coiiipetitinii. 

The chief material ciiiployeal is the su-callerl rcisiii sfiack 
oil, which ill CDiTes|KaKlenct: with tlie fin^ierties of the prci- 
duct, should be very tliirk and havtt the hast fiossibk- odour 
and bloom. The paler and dearer the stock oil the lieller 
it is adapted for the: purpose in view, a turbid am! c o!isei|iieiitly 
darker rosin oil heinf^ much less suitahle. 

The next constituent in importaiiee is “ hliie oil "a rriiilr 
petroleum product), the <|iiality id' which is even more particio 
lar than that of the rosin cjil. 'I lie specially strong sarudl aiici 
fluorescence characteristic of (biHciaii “blue enV an: gmirr* 
ally so difficult to remove or mask that in its uhc tiir iuiuhi" 
mcntalycauses of bad ciuality in the final prodiici are to be 
sought. 

Unimportant as raw materials are the nitric aciil arid 
molasses, by means of which nearly all ^Mion tridii oils'* arc 
prepared Two paits of rosin oil are mixefi with i f'lart of 
“ blue oil (the proportions being varies! according to the de¬ 
gree of visco.sity desireda fairly coiicciitraltal nitric acid 
thcti added whidi dcbloorns the iiiixtiire probabiy by flic 
formation of nitro compounds from the hydrocarbniis of the 
rosin oil, and, moreover, deodorises and darkens the firfidiicl ; 
I'5 to 2 per cent of acid is sufficient to effect these cilijects so 
far as they are possible with these raw materialH. The siiiid! 
of rosin oil in particular does not entiiely disiipjiear, bill 
does not so much matter, as in the finished producl si will re- 
semblc train oil The addition of 2-4 jit^r cent, of 
helps in producing the required colour, and more pitrliciiiarly 
in the masking ol the odour. During the entire j)rocesi the 
temperature in the pan—which is an open pan heated !iy 
direct fire—-is kept at about 6o''«8o'' C* As soon as the prri« 
duct exhibits the desired appearance it is left to stand for two 
or three days to clarify completely. 
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In the manufacture of leather grease, a large quantity of 
a liquid oil is recovered as well as the solid fat, which may be 
classed as “ extracted train oil This dark oil, which has a 
decided odour of fish oil and the properties of good natural 
fish oil, has yielded excellent results as an adjunct to artificial 
train oil; an addition of 5 per cent of this leather-train oil to 
a comparatively poor “ lion train oil effected such an im¬ 
provement in the latter that a dealer, who from long ex¬ 
perience may be considered as an expert, and before whom 
samples of the original lion oil and the same after addition 
of the leather oil were placed for an opinion, classed the 
latter as good and the former as unfit for use. 

In preparing light-coloured train oil the modus operandi is 
as follows:— 

Good, pale, bloomless, faint-smelling rosin oil is mixed 
with ^ to I (according to the viscosity, etc., desired) of de- 
bloomed Russian oil of specific gravity 0*885 (or Galician oil 
of specific gravity 0*895-0*905) and warmed. When cold, 
5-10 per cent of pure fish oil is mixed in, together with a 
trace of trimethylamine solution,’ and well stirred. Should 
turbidity arise on account of the small quantity of water in the 
trimethylamine solution, which at most amounts to ^ per 
cent, the oil is left to clarify. The product will resemble 
pure fish pil in all particulars, and although possessing a 
bitter taste, may be used with advantage as an adjunct to pure 
fish oil. 
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MISCELLANEOUS ANIMAL FATS. 

iiiid Oil. 

The yolk of the eggs of binis and reptiles contains a con- 
siclenable amount of fat. Thus the yolks of the eggs of fowls 
have the following com{>ositioii * : «■- 
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For the composition of the yolk of turtle eggs see p. 3.jH 
The egg yolk fat is obtained by boiling the yolks m by 









MISCELLANEOUS ANIMAL FATS. 


247 


but the extracted oil contains a large quantity. The yield 
and composition of the extracted oil varies with the solvent 
used, thus Jean found that dried yolk yielded the following 
amounts: to petroleum ether, 48*24 per cent.; ether, 50*83 
per cent.; carbon bisulphide, 50*45 per cent. ; carbon tetra¬ 
chloride, 50*30 per cent, and chloroform, 57*66 per cent 
Vignon and Meunier recommend chloroform as a solvent and 
give the following results with ordinary hens’ yolks :— 



Oil Per 
Cent. 

Iodine Value 
of Oil. 

Unsaponifiable 
Per Cent. 

Phosphorus. 

Lecithin. 

Hen’s egg yolk 

327 

52 

0*2 

*737 

21‘0 

Duck’s egg yolk . 

38-9 

37*4 

27 

*604 

17*3 


The yolk fat from hens’ eggs is an orange yellow semi¬ 
solid fat, and the expressed oil shows the following character¬ 


istics :— 


Specific gravity at 15° C. 


0-9144 

Solidifying point .... 

. 

8°-io° 

Melting-point. 


22°-25° 

Saponification number . 

. . 

184*4-196*2 

Acid number. 


1*2 

Iodine number. 

. 

68*5-81*6 

Reichert-Meissl number . 


0*4-0*66 

Hehner number .... 

. 

95-16 

Refractive index at 25° C. 


1-4713 

Egg yolk oils examined by the 

reviser gave the following 

results:— 

Hens' 

Ducks’ 

Iodine value. 

73*i7'-77*5 

76*71 

Saponification value .... 

i8g*6-i96*2 


Fat extracted by alcohol (lecithin) per cent- 

— 22-27*36- 

Saponification value . . . . 

i 83’8- i 84 

191*3 

Insoluble fat (triglycerides)— 



Saponification value . . - - 

Fat extracted with benzene— 

i90-4-i93*3 

190*4 

* Insoluble in acetone (lecithin) per cent. 

22*2 

25*0 

Soluble „ (glycerides) „ 

77-8 

75*0 
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The fat in hen’s egg yolk, extracted with ether, amounted 
to 30-33*26 per cent, and in dried yolk 45-2-49*5 per cent 
Yolk oil was employed in Russia at one time for the manu¬ 
facture of soap (Kazan soap); it is at present employed only 
as a source of lecithin. 

Egg yolk preserved with salt or boric acid is used for fat- 
liquoring leather, for which purpose it is extremely well suited 
as it not only contains a large amount of fat but it constitutes 
a valuable agent for the emulsification of other oils. Egg 
yolk is also used in embrocations and sometimes in margarine 
manufacture (see also p. 131). 


Turtle Oil. 

Raw Material .—The eggs of the green and giant turtles 
of Jamaica and the Seychelles, and also those of the edible 
turtle. According to Brooks, it is obtained from the fat of 
these animals as well. 

Preparation .—Turtle oil, or more correctly, turtle egg oil, 
is prepared by crushing the eggs with a forked wooden instru¬ 
ment in an empty bucket and pouring water on the mass, 
whereupon, after a few hours’ exposure to the heat of the sun 
the oil collects on the surface of the water. Six thousand 
turtle eggs yield only 5 galls, of oil, and as 50,000 galls, of 
oil are annually dispatched to Para from the Orinoco, the 
Amazon and the Rio Negro, and 60,000 galls, are consumed 
by the native population preparing the oil, it will be evident 
that the turtles, which frequent the same sandbanks from year 
to year and lay 120 eggs apiece three times during the season, 
have extraordinary reproductive capacities. 

The composition of the eggs of turtles is given as follows :_ 


Water . 
Protein 
Fat . 

Ash 

Undetermined 


Fresh-water Turtle. 
65*0 

i8-i 


Sea Turtle. 
71 *0 
18*8 
9*8 

0*4 


2*9 
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When turtle oil is obtained from the flesh by boiling? tlie 
yield is uncommonly large, a single turtle often yielding: 
galls, of oil, so the output of 60,000 galls, at the Seyclnelle 
Islands is not very difficult of accomplishment 

In Jamaica, also, the oil is prepared from the flesh of the 
turtle, presumably from Chelonia Cahonan. Seychelle oil is 
superior in flavour, and might form a substitute for cod-1 iv'or 
oil, if its alleged properties could be substantiated. 

The fat from the flesh of the turtle yielded the following 
figures on analysis :— 


Specific g^ravity at 15-5° C. 

Snapping 

Turtle. 

(rrionyx 

sinensis).! 

. 0-9229 

(Thalasso- 

chelys 

corticata).2 

Green Turtl 
(Chelonia 
mydas).! 

,, ,, 42*5° C. 

— 

0-9198 

— 

,, 15'* C. . 

— 


0-9335 

Solidifying point 

— 

10° 

— 

Melting-point .... 

— 

23". 27" 

—, 

Acid number .... 

. 0-45 

— 

_ 

Saponification number 

• 195-65 

209 

I9j*«t» 

Reichert-Meissl value 

. — 

4*6 

— 

Iodine value .... 

. 121*09 

112 

I 27'4 

Refractive index at 20® C. 

. E -4737 

— 

_ 

„ 30° c. 

— 

1-4677 

1*4769 


Candle-Fish Oil (Gulachonol]. 

Mdtenccl. —The candle-fish Gulachon'' or Onta- 
•chon found in enormous shoals in the bays on the coa.st of 
^British North America and Alasha. This fish, which is also 
highly prized as a food, is so rich in oil that it is used in. the 
•dried state for torches; hence its name. 

Preparation ,—No information is available on this point, 
But probably by pressing like all other .fish oils. 

Properties ,—Schaedler gives the following description cjf 
its properties:— 

^Tsujimoto, Lewlcowitsch, Oils, J^afs and Waxes, 1914, Vol. II, p. 464 . 

^Zdarch,, Hid. 
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'Fhe oil as it is put on the market aaitaiiis a cuusiiirrahk* 
amount palinitin aiifi probably stearin, so that it is only 
semi-fluid at the ordinary teinperature. 'Fhe oieiin or fluid 
portion, forms a clear, pale, slraw-yeliow iiijiiid of fishy odimr, 
differing from, and to many tastes Iidng pnihaWy less olr- 
noxious than, cod-liver cnl. The sp. gr. is 0*9071 at 15 f*- 
and 0*9012 at 25 (!., whilst that of eoddiver cd! varies hr* 
tween 0*92 and 0*93, but is generally 0*9227 at i J i\ Wlieii 
mixed with sulphuric acid (i vol of acid to 5 parts of oil; the 
temperature rises 55 ' C, whereas c:od-livcr oil under the same 
conditions undergoes a rise of i!2* (*. The colour rcstrtioiis 
also differ from those of cod-liver oil, nitric acid '’sp. gr., 1*27 s 
mixed with one-third of its voliiiirie of the oil, prrxliiciiig at 
once a rose coloration gradually changing to amber ycllcmL 

At the end of fifteen hours the inixture will have thickened 
considerably and assumed a deep amber coloratiom C!od4iver 
oil treated in the same manner became rose-red at first, then 
rapidly changed to amber, and exhibited the same coloration 
in fifteen hours' time, but was more fluid than the firsLiiaiiK*d 
mixture and intersf>ersed with tliickcr layers. Siilphiirii: aritl 
gives with candle-fish oil not the same beautiful piiriile colour 
that it does with cod-liver oil, but a deep brown, siibstaiiinitly 
inclining to both yellow and red When this oil is sa|x.ifii* 
fied it yields 95*85 per cent of insoluble fatty acids. 

Candle-fish oil contains atout 20 {x:r cent, of palmitic and 
stearic acids, 60 per cent of olein and 13 {Mir cent of iiii 
unsaponifiable substance, which, being a j^culiar iirid itilere^t- 
ing substance, deserves careful examiiiation* At sufimior 
temperature this substance forms a mass of oily consistency, 
has a specific gravity of 0*865-0*872 at I 5-' C—iiifericirIci that 
of any other constituent of ordinary fats, and jtpj>eafi to t» 
similar to the unsaponifiable matter in sperm oil 





MISCELLANEOUS ANIMAL FATS. 


251 


Crocodile Oil. 

5 -* rom the fatty portions of the reptile crocodile by render- 

like tallow. Crocodile oil is of a reddish colour, thick 
icJ, peculiar odour, specific gravity, 0*928. Contains stearin, 
f^icir|^a.rine, and olein. It is used in the tanning of leather. 

Alligator Oil. 

F'rom the fatty parts of the reptile alligator of America 
rn.elting down like tallow. Alligator oil is of the consis- 
tcjiioer of ointment, semi-fluid, reddish in colour, with a specific 
l-^ravitiy of 0*928, and contains 32 per cent, of palmitin and 
1*5 per cent, of free oleic acid, 60 per cent, of olein 
0*02 per cent, of iodine. It is used in the tanning of 

Hare Fat (Hasenfett). 

JHtare fat is white, or occasionally somewhat yellowish, with 
czliatracteristic odour and a mild, agreeable taste; the consis¬ 
tency' is rather softer than that of lard, and it has slight drying 
f>ro parties. 


Specific gravity at 15°. <^*9349 

Melting-point.44°-46° C. 

Setting-point.28°-30° C. 

I^ercentage of insoluble fatty acids . . . 95*47 per cent. 

Saponification number. 200'9-204*9 

'Volatile soluble fatty acids (Reichert-Meissl number) 2*64 

Iodine number.xo2‘2-i07*o 

Refractive index at 40°.1*4586 

Irisoluble fatty acids :— 

Melting-point.48^-50° C. 

Setting-point.39^-41® C. 

Neutralization number. 209*0 

Iodine number. 93*3 

Refractive index at 40®. i '4495 
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lard, the individual crystals exhibiting the characteristic chisel¬ 
shaped ends. An analysis of this fat gave :— 


Specific gravity at 15° C. 

Fat. 

0*9179 

Melting-point 


17 - 5 ° C. 

Setting-point . 


15° c. 

Saponification number . 


193*3-199 

Reichert-Meissl number 


0*25-2*12 

Hehner number 


93*92-96 

Acid number 


0*3 per cent, of oleic acid. 

Iodine number 


57*21-66*31 

Melting-point 

Fatty Acids. 

35 * 5 ° C. 

Setting-point 

. 

30 * 5 ° C. 

Iodine number 

. 

. . 64 

Iodine number of the liquid fatty acids . 

. . 92*1 


Twitchell’s modification of the Jean method of fractional 
precipitation was employed for determining the nature of the 
fatty acids, I *9478 grams of fatty acids (iodine number, 64) 
being dissolved in 25 c.c. of 95 per cent alcohol and treated 
with 1*5 grams of lead acetate dissolved in 10 c.c. of the same 
alcohol, and the flask well corked and left to stand all night 
Next morning a little of the liquid was filtered off, the acids 
being recovered by agitation with ether and hydrochloric acid, 
and their iodine number ascertained. The precipitate was 
well washed with alcohol, the fatty acids recovered, dried, 
weighed, and their iodine number determined, oxidation being 
in each case carefully guarded against 
The results were :— 

Grams. Per Cent. Iodine No. 

Solid acids .... 0*9779 50*2 37 

Liquid acids (by difference) . 0*9699 49*8 92 

The acids from the filtrate were still liquid at 15" C. ; those 
from the precipitate had a melting-point of 35 •5° C. and a 
molecular weight of 278. From this may be calculated;— 
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71c I 


Theref(>rt% the acids prubably consist of oleic acid, 

with a small amount of a more hii^hly imsatiiratefl fatty acid, 
probably linolic acid 

So far as the solid acids arc coiiceriiecl, the high iiiolec- 
ular weight of the lead precipitate (of which oiily 20 per cent, 
should be considered as liquid acids) Ic«ids to the coiicliisioii 
that stearic acid or another high molecular acid is present. 

The aickls obtained by crystallisation from 70 |>er cent, 
alcohol melt at 50-5*' C, which being a lower mcltingqioiiit 
than is exhibited by any mixture of stearic and palmitic acicii» 
indicates the presence of myristic acid. Human fat therefore 
consists of some 70 per cent of liquid fatty acids, chiefly oleic 
acid, and 30 per cent, of solid acids, probably palmitic with 
small quantities of stearic and myristic acids and traces of 
lower volatile acids. 
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CHAPTER VII. 

WASTE OR RECOVERED ANIMAL FATS. 

D6 gras, Tanners' Grease, Leather Grease, Waste 
Grease (Gerberfett, Lederfett, Abfallfett). 

The substance indicated by the above names was originally a 
waste product obtained in the preparation of chamois (shamoy) 
leather, it was therefore not prepared originally on its own 
account Formerly the price was high by reason of the 
article being a bye-product prepared in a special manner and 
only in limited quantity; and even now that d^gras can be 
prepared in any desired amount, it is still saleable at relatively 
high rates, a circumstance rendering its production a profitable 
undertaking. In composition, d^gras is really an emulsified 
fat, a fat existing iii an extremely fine state of division in 
a suitable liquid, so that it forms a mass of buttery or salve¬ 
like consistency. The operation by which it is produced is 
as follows: The skins to be dressed for chamois leather are 
unhaired by liming and scraping with knives, and then im¬ 
mersed in. a bath of bran in a state of acid fermentation. 
They are afterwards wrung out, dressed over with train oil or 
cod oil, fulled for two or three hours and left exposed to the 
air a short time. These operations of fulling with fish oil and 
hanging out are repeated until the skin is full of oil and 
all the water has been expelled, the oil having meanwhile, 
under the influence of the air, become partly oxidised and in¬ 
timately combined with the fibre. To complete this conver¬ 
sion, the skins, which are laid one above another, are subjected 

(255) 










256 


ANIMAL FATS AND OILS, 


to a kind of fermentation, air being admitted from time to* 
time in order to prevent over-heating. The excess of oil is 
then .removed by wringing, scraping, straking, or hydraulic 
pressing; and the skins finally treated with a lukewarm solu¬ 
tion of potash from which further portions of the oil separate 
out on standing. According to another account the suitably 
prepared skins are sprinkled with fish oil and thrown intO’ 
heaps which become fairly hot in consequence of the incipient 
decomposition of the fat; after a short time the skins are well 
fulled and finally treated with a 10 per cent, solution of potash, 
in which manner is formed the so-called white liquor, wherein 
the degras, the fat, is present in a very finely divided con¬ 
dition. To this liquor is added enough sulphuric acid to 
neutralize the potash, and when the liquid is left at rest the 
fat collects at the surface forming a dirty white, yellow or 
brown, mass of fairly mild flavour, principally used for 
softening tanned leather, which substance absorbs it with great 
facility. 

In many factories hides are used for the sole purpose of 
manufacturing d6gras, being shamoyed again and again by 
alternate oiling, fermenting, fulling, and treating with potash 
solution until they are practically worn away. 

Various artificial products passing under the same name 
are used to replace true d6gras, being prepared from fish oils 
and other fats, to which are frequently added tallow, rosin, 
oleic acid, etc., etc. 

All kinds of d6gras contain large quantities (mostly 12 to 
20 per cent.) of water, which, in good qualities, should not 
separate out even after long standing. The emulsive capacity 
depends on the presence of a resinous oxidation product 
formed in the process. The larger the quantity of this sub¬ 
stance present the more easily is an emulsion produced, a 
d6gras containing 13 *9 per cent, of resin substance and 5 3 per 
cent, of water producing such an intimate mixture with water 
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that it will remain perfectly homogeneous even after two 
months. 

The colour of this resin-like substance is brown, and its 
melting-point lies between 65° and 67*' C. It is saponifiable, 
cannot be precipitated by common salt from alkaline solution 
(distinction from fats), is insoluble in water, soluble in alcohol 
and ether, but insoluble in petroleum spirit (distinction from 
rosin). It does not occur in fish oils, but is only formed in 
the process of shamoying. Most kinds of d^gras contain 
unsaponifiable substances derived from the fish oil; thus, for 
example, d^gras from sperm oil contains cetyl alcohol, and 
that from liver oil an oily, unsaponifiable mass, of which 6 per 
cent, is present in the unaltered liver oil. The content of free 
fatty acids varies greatly, but the quantity does not affect the 
quality of the ddgras. Pure d6gras is contaminated with solid 
organic matters such as particles of skin and membrane, which 
should, however, not exceed 5 per cent The specific gravity 
of ddgras, freed from water, 0*945 to 0*955, is higher than 
that of the fish oil used in its preparation. 

An examination of fish oils, according to the method of 
Livache, by treatment with metallic lead, showed (in harmony 
with practical experience) that the fish oils best suited for the 
production of d6gras are those most capable of absorbing 
oxygen. Whale oil is the most in demand, sardine oil, which 
yields only some 3 to 4 per cent of resinous matter, being 
unsuitable. 

Examination of D^gras. 

Water Determination ,—Five grams of substance are diluted 
with petroleum spirit and filtered through a tared dry tube 
containing a wad of cotton wool, the spirit being distilled off 
and the residue evaporated in a basin, dried at 120° C., and 
weighed. The insoluble portion is estimated by drying the 
filter tube at 120° C. and weighing, the contents being then 

17 ' 
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incinerated in a platiinan t rucil)l<- iV -j ■ 

, ... , ‘icno residue IS small in 

an.«l. ,,,, 

„ll,nr t.an.1 ,1 l»,„n ,1 l,c. „ a„d ativdy e*. 

amincd (for clay, chalk, etc.) 

^ d.rf. -l'-,., this 5 

.salkahnn, ,l ,s nxlra, .„l will, water, filtered and titrated with 

stanrlarcl tacKi. 


/J/mmr/ .laWs. .If the ddgras has a strongly acid re¬ 

action, 25 grams of the sample are boiled with 200 c.c. of 
water, left to cool, aiirl the trvo layers separated by means of 
the separating funnel, the nature of the acid (mostly sulphuric 
acid) lx*ing ascertained from one part of the aqueous layer 
while another aliquot part (50 c.c.) is titrated with caustic 
soda in order to determine the amount. 

The following te.sts are performed on the ddgras after 
drying and filtering through linen. 


Unsaponifiable Matter.-^K preliminary test by boiling with 
alcoholic cau.stic frotash aiul decomposition with ammonia 
readily .show.s whether any unsaponifiable matters are present 
If turbidity occurs the test is positive, a further examination 
is then commenced for the quantitative determination of the 
unsaponifiable matters, their inve.sti{ration being subsequently 
carried on in accordance with the usual methods. 

Resinous Matter .—ether extracted soap solution used 
in the foregoing determination is evaporated until the solvent 
is expelled, and precipitated hot with an excess of pure 
sodium chloride. When cooled the coloured liquid is filtered 
from the deposited soap into a flask and the filtrate acidified 
with hydrochloric acid, whereupon the resin comes down in 
flakes, which unite on boiling and attach themselves to the 
walls of the vessel. After allowing to cool, the mass is 
brought into condition for weighing by agitation with ether, 
evaporation of the solvent and drying. Admixed resin is de¬ 
tected by extraction with petroleum spirit, which does not 
di^lve the resinou.s matter'of ddgras. 
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Extraneous Fats .—The presence of extraneous fats, such as 
wool fat, oleic acid, tallow, etc, may be suspected when the 
specific gravity of the oil extracted from d6gras falls below 
0*920, since d^gras from fish and whale oils has a density of 
0*949 to 0*955. For the presence of tallow, characteristic 
information is afiforded by the melting-point of the fatty acids, 
those of tallow melting only above 40° C., and therefore 
raising the melting-point of those in the d6gras, since thciacids 
from whale oil melt at 24*9° C., those from liver oil at 18*5" 
C, and those from Japanese oil at 30*8° C. 

Free Fatty Acids .—These are titrated by caustic soda and 
phenolphthalein. The saponification value i 59 is used as a 
basis for calculating the percentage of free fatty acids in whale 
oil. The oil from degras contains generally i 5 to 19 per cent, 
of free fatty acids. 

Jean gives the following examples illustrating the con¬ 
stitution of ddgras :— 


Water . 

I. 

. 18 *9 

2. 

14*84 

3- 

12*93 

4. 

28*9 

5* 

tg*20 

Ash , 

0*25 

o*X3 

0-55 

0*7 

0*07 

Particles of skin . 

0*30 

0*30 

0*09 

0*58 

0*27 

Oil . . . 

. 6971 

74‘65 

80*00 

66*93 

75*66 

Unsaponifiable matter . 6*84 

6*05 

— 

— 


Resinous matter . 

. 4*00 

4*05 

‘5*81 

3*5^^ 

4*Bo 

The following 

analyses 

are of 

curriers 

’ and 

leather 


dressers’ oils and of Sod oils :— 

ANALYSES OF SOD OIL (Jean). 





Per Cent, 




Water 

16*40 

26*300 

36*18 

19*45 

11*37 

3:3*74 

10*54 

Ash .... 

0*135 

0*219 

1*48 

0*62 

0*65 

0*26 

0*28 

Impurities. 

2*900 

1*550 

4*10 

1*60 

1*49 

0*2X2 

0*26 

Unsaponifiable matter 

17*430 

0*167 

traces 

traces 

0*53 

0*27 


Oil ... . 

35*070 

50*610 

19*07 

29-83 

86*49 

i 84*095 

88*92 

Resinoid matter 

0*900 

5-519 

12*57 

13-32 

1*28 

^*4^3 

3*24 

Free fatty acids. 

27*200 

15*300 

26*60 

28*00 

6*7 



Sulphuric acid . 



0*066 




— 












ANALYSES OF SOD OIL (Rchsam). 
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F'ahrion, on the basis of numerous experiments, arrived at 
the conclusion that the same products are obtained from fish 
oil by shamoying as are yielded by oxidation in the air, and 
that the d6gras expressed from shamoyed leather is nothing 
more than a partly oxidised fish oil mixed with larger or 
smaller quantities of nitrogenous matter extracted from the 
skin. Leinand's ‘Megras-former’’ is a mixture of oxyje- 
coric acids and their anhydrides, contaminated by small 
quantities of nitrogenous substances. 

When d6gras was introduced as an emollient into the 
tanning industry its use was found to be attended by so many 
advantages that the waste product of the shamoying process 
soon became insufficient to cope with the demand. In this 
extremity recourse was had to fulling not only raw skins 
but also the finished chamois leather with fish oil, exposing it 
to the air, and when sufficiently oxidised, recovering the oil 
by pressure as in the original process. Notwithstanding that 
the resulting product is identical as regards both appearance 
and action with the actual primary d6gras {premiere torse), 
specially valuable properties are, in some quarters, still at¬ 
tributed to the latter. Against this view it must be emphati¬ 
cally asserted that, in general, the secondary products are 
preferable in so far that the fish oil extracts from the raw 
sheepskins the natural fat, rich in cholesterin, occurring there¬ 
in, and at the same time takes up a great deal more of the 
nitrogenous constituents than in the case of the shamoyed 
leather. Fahrion prepared a similar product on a small scale 
by impregnating pieces of chamois leather with the sardine 
oil frequently employed, and, after three days’ exposure to 
the air, extracting with ether. The moellon ” thus prepared 
forms, when freed from water, a thick red oil. The analytical 
results obtained therefrom are subjoined, the figures for the 
original oil being added for the sake of comparison:— 
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finely divide the {larliclcs of oil and .ho render it more acces¬ 
sible to the influence of atmospheric oxyt'en. 

From the sum of the unoxidised ami oxy-fatt)- acids the 
presence of volatile matters in moellon is revealed ; since these 
are evolved by prolonged heating to 120 * C, and at the same 
time, oxidation and condensation processes still go oti at that 
temperature, the method of estimating moisture projxrsed by 
Jean (mixing with quartz sand and drying at 120*' C.) mu.st, 
therefore, be totally rejected. Drying may be continued all 
day long without the weight becoming constant, and almost 
any desired re.sult may be obtained. Fahrion sums up the 
results of his extensive researche.H on the fish oils as follows : 
By far the most predominant .solid fatty acid in fi.sh oils i.s 
palmitic acid. Of licjuid fatty acids they do not contain any 
of the known members—oleic, linolic, linolenic, isolinolenic 
acids—but, on the other hand, a hitherto unknown hepta- 
decylic acid, asellic acid (Cj^HgaOj), and also—as a character¬ 
istic constituent which i.s the cause of their ready oxidation— 
the isomer of linolenic acid, jccoric acid, Very 

probably there are also other unsaturated fatty acids present; 
for example, the fact that in the combustion of oxyjecoric acid 
an excess of hydrogen is always found indicates the probable 
presence of a fatty acid isomeric with linolic acid. Neverthe¬ 
less, since these other fatty acids do not conform to Hazura's 
law, nothing definite can be stated on the subject until further 
methods of investigation are discovered. 
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rn'/yirniinf! ##/ I^i’i*ras /finH /v.v/z (V/.---A c<jnsi<lc!nihle 
aiiioiiiit fit firi^ras is prepared In’ a nut w.xy cninpicx nietlu»fi> 
tisli nil hciiip cai!ivt!rtf*d intf> an fanulsiun in the fnlluw!ii|^ 
iiianiier: 

A per suliiiinii uf potash is heated to hoilin^.^ 

ill a larpe pan, and fish oil is run intcj tlur hot lic|uid in a 
tliiii **4retain, from a vessel situated at a Iii^»her level, the two 
litdrip kc‘pl cniiliiiiially in by oieaiis of a .Htirrin|.f ap- 

lianttiis, llie iiiiaiitity of nil eniphAVed must !)e determined 
for flit* varkiiis kinch of fish lal in each case ; many kiiuLs 
may he iistrci up to jier rent, (d the weipdit of potash sohi- 
tiiifi, whilst with fithers the: supply imtst he rut fd'f much 
scaiiicr. Wheii all tfii* <ul has been added the pa<id!es are 
kefil at ivork for soiiif liiiir longer, and the mass is con- 
tifiiiotisly lirated, samples hfdiig taken from time to time, 
iiiitii, after prolongcfl staiidiiig in a tall test'glas.s, llic! niilk\% 
and appareiitly lifunogeiieoiM, li<|iii€i does not separate intc^ 
two layers, but cmly kjc'oirieH thicker on cociliiig, whercmpoii 
till? iifieraliiiii m ctiiisiileritfi at an mtL The cl^griis is allowed 
to cool, bill IS still kept cofiliiiiioiisly, iiiitil it f^eg^rH to 

tfiiikcii, tvlieii it itl oitce potired into the packagefi in which 
il is to be sent out for sake 

III the iiii4j0rity cif iiislaricxM the openttioti thus ficrforsnecl 
is cfiiiciiictcd to a sutxessfiil issue, m (Ugnm conforming to all 
recjiiircrritriils ticiiig obtaiiieci. With sonic* oils, Iiowtwxr, all 
the trouble taken to ensure a iiHabh: product seeiiin wasted. 
For exaiTi|iie, the material may Im iieatcd and stirrecl, hour 
after hour, unci the product wall still, on stiiiidirig, allow a great 
portion of the fat to separate fiiit again, *i circiiiiiitiirice lod- 
iiig to the coiichisiofi lliat scime kinds of fish oi! are iiicapalile 
of fcirmiiig an einiilsicMi with iKitash Holiiticm. On this iic- 
count it is ahvays iiclvisabk to iiibject oils ifiteiided for the 
iiiamifiictiirc of d{*gras lo a preliiiiifiary exiifiiiiiatiori to dc’* 
leriiiific their bchmUmr in this mmmxXkm ; the tmi ran be 
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performed In mi coamellerl vessel with a few i|uaits uf pc^tash 

solution. 

Fish oils that will not emulsify properly with potash lye- 
can, nevertheless, be easily worked up into di'i^^ras by first 
boiling a very weak solution of caustic sod«a in the pan, then 
stirring the oil in until the li(|ui(t is milky and adding a 
highly concentrated solution of potash, stirring incessantly 
until no more drops of fat can !>e discerned in the mass ; the 
above described test is then performed l*he operation is cam- 
ducted as follows : In a pan of suitable size, solid caustic soda 
at the rate of i kilo (2'2 lb.) per 100 litres (22 galls.; of 
water is dissolved. Two vessels, one containing the fish oil, 
the other the concentrated potash .solution, and both fitted 
with taps, are placed above the pan. The potash solution 
is prepared by mixing the potash with its own weight of 
water and leaving them to stand, with occasional stirring, for 
twenty-four hours, at the expiration of which time the con¬ 
centrated li(|uor is poured off from the undissolved portion 
and placed in the vessel referred to. 

The soda lye is first heated to boiling and the tap of the 
oil vessel then opened wide enough to allow a stream of the 
oil, of the thickncs.s of a lead pencil, to flow, the licjuid in 
the pan being meanwhile stirred with vigour. When the 
liquid has become milky after all the oil is in, the fjotash 
solution also is admitted in a thin stream, and the whole 
stirred until the sample shows a favourable result. 

If it is desired to have a thick salvc-like consistency, in 
the finished product, a somewhat larger quantity of caustic 
soda must be taken at the outset and the solution made of 
1^-2 per cent instead of i per cent strength, the amount 
necessary being carefully ascertained by a preliminary ex¬ 
periment, since an excess of soda will make the cooled product 
more like soap than salve. The d£*gras should be of such a 


WASTh OR RI‘.CC)VI*:Rhn ANIMAL FATS. 


<:nn>is!t!ii€\’ ifiat it can btr eusiiy rubbed on t<i the leathc!!’ liy 
Ihc aiifi us readily af)'^orbcd. 

/Vv/i/zviZ/b// #// Ih'fjiis fimmiim* in }lerrhanier. Idle 
isH^thfMls of prcparatiiiii arr : 

fi ^ 5^1 kilos of raw liiiseoi oil, 12^ ki!<is of fulk*r’s |,p'e"ase 
fpreviously left to -.Luid for bnir ur five days over sjH!nt pint! 
taiij, 25 kilos fit firchiiary fi-*h oil, i L kilos of .soft fptitaslij sca'ip 
and I kilo of iiiiM: sfiap, perfumed with |i«art fd’ oil of 

valerian and | per cent, of butyric: avid. 

2 ) A niixUire is prepared from fish oil, a fisli oil soap 
bf>ili!d with liiiii!, and icio-iio |H.*r cent, of watc!!', b\' shaking 
togiTher until tlu: mass sots. 

^ I. Msli fdl mixed, aciau'diug to reiluiriuneiifs, with tallinv 
and piilasli. 

nf (^nunifrtitif //fsovo. “Hie white liipior Inuii 
the ‘.iiaf«o)diiy proi'esi, or the oil ubfaiiied tiuu'rfifiiii, and 
kfiott’it as piiri! Me//e, or is oii!>' one of the 

cwislittioils eitiployed in cairiifiiefcial degras ; even the Paris 
iiiaker! 4 , rirr:f,igiiiscfl :ts flic; best prcKiiiccrs of tlegnts, only using 
it m an adjiinct Wtien the wiiMe firrMliict of sliaitioyinu ito 
longer ^mfiiced to siijijily the deiiiaiid, factories were erected 
to treat skins with the sole objecl of |irodiic:irig fiifitdiorg 
making theiri iii oil and then wasliiiig theun with polash iiiaiiy 
tiniuH, iiiiti! thi; skiiH were evpitiially coiiipletely deslroyecl 
Hiis firociticl fiiri'iiH otic; ccnistitiiciil of coiiiiiiercia! cfenniH. 

For the jirodiictiofi of tile latter are re<|tiirec| a copper iian, 
a ivide woodai vat, a stirrer and a filler for straiiiiiiip 
irnilcrials art; itifiidloii, fisti tiif wool fkt, and cciniiiicrckil 
fiiarble or freslily-biiriiol while lime, tin: lallef converted iiilo 
hydnitt; by means of 30 Br. catislic: soda, for wdiicli piirpose 
50 kilfiH of scida !yc arc rc;f|tiired per liM) kiloH of white liiiir. 

I. Ill the first place Hc) kilo*-! of fish oif and 2 kilos of 
or lime are placed in the pan fwliicli rriiisl I.11.; large 
eiioiigh to hold doijbit; the c|tiaii|ity) and hcuiml to Iwiiliiig for 
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an hour, with continual stirring, in order that the two may 
combine thoroughly and the marble be prevented from sub¬ 
siding to the bottom which if it occurred would give rise to 
charring, and thus render the oil dark coloured or black and 
unfit for use. The mass froths strongly; after the surface 
has become clear again the contents are passed through a fine 
silk gauze sieve into the vat and cooled down to 45°' C. 
Meanwhile, 50 kilos of rain or river water are heated to 30“ C. 
in the pan, along with the residue left in the sieve, and when 
the mass in the vat has cooled to the prescribed temperature, 
the water from the pan is run into it in small portions through, 
the sieve, while stirring is kept up. When all the water has 
been incorporated, the stirring is continued until the mass is 
perfectly cold and it is then left at rest; the product will have 
the same degree of consistency as a soft butter. 

On the following day 200 kilos of moellon are stirred in,, 
without heating, followed by a mixture of 100 kilos of wool 
fat, 50 of fish oil, 10 of tallow and 10 of palm oil, previously 
warmed to 40'’ C. in the pan and stirred until thoroughly 
intermixed. The whole is then kept stirred until perfectly 
cold, and at the end of twelve hours, by which time it will 
have attained a soft buttery consistency, it can be packed into^ 
the transport casks. If the water has been used too hot, or 
the above temperatures exceeded, the d6gras will be quite 
fluid, water will separate out on standing and the mass soon 
become infested with mould. 

2. Forty kilos of pale (e.g-,, Greenland) fish oil are warmed, 
and then mixed by stirring with 

J kilo caustic Hme from marble, and 
15 kilos water, followed by 
100 „ natural ddgras, 

, 10 ,, light fish oil, 

15 „ Lagos palm oil, 

40 „ purified wool fat, and 

30 „ water. , 
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Fri, 75«—-P*«^ witli stift-cr*, i>f 

appliances consisting of a vcrtkal ilaft passing downi llie 
centre of the pan ifi^en by gcafiiif oc^erlivtacl), to which are* 
attaclitti scleral laletal mms, ckscrilitfig circIcs^ wltcn stialt 
is revolved, aad keeping the crwiteiits ni the pan tfi corittmiial 
When fire heat his to be ciiiplcjfcd it is 
not t© let the iaincs ci>nie iti dir«l co-nlict witk the 
bat to mrmmmi the latter with t »-mter Jacket as sl»wii in 

rs- 

The ^!i K, immifitcti in the brickaofk scttiiig 11, s«r- 
moil«ted by a wwclcn extension Anith mhich it iaikc> *t 
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watertight connection, so that by this means the pan M, 
wherein the degras is prepared, can be placed in a higher 
position. R represents the stirrers, and D a wooden lid 
covering the pan M. By this arrangement the temperature 
in the latter vessel can never exceed boiling heat, and con¬ 
sequently the contents are prevented from charring. 

A solution of 5 kilos (ii lb.) of potash in 10 litres (2-2 
galls.) of cold water, prepared a day in advance by stirring 
up and then allowing to settle in a suitable vessel, is placed 
in the pan and 90 litres (20 galls.) of water are added thereto, 
the resulting weak lye being heated to boiling, and a few 
kilos of fish oil run in in the form of a thin stream with con¬ 
stant stirring. The heating and stirring are continued until a 
sample taken out is found, on cooling, to have the consistency 
of degras. 

The operation may also be modified by making an emul¬ 
sion of fish oil with concentrated potash lye in the pan and 
then adding water until the proper consistency is attained. 

Olein Degras .—The olein or oleic acid obtained as a bye- 
product in candle-making can be advantageously utilized for 
the preparation of a very useful ddgras, which is, however, 
inferior in its properties to that produced from fish oil. 

The mode of preparation is the same in both cases, the 
operation commencing with the running of the olein into the 
boiling caustic soda lye. The formation of the milky liquid 
is generally effected more quickly than when fish oil is used, 
and then follows the addition of potash lye and stirring until 
the product is finished. 

If it appears from the quickly cooled sample that the 
material is still too liquid, a suitable quantity of olein soap is 
added to the (still warm) mass in the pan. In order that the 
soap may quickly dissolve without leaving any residue, it is 
essential that it should be cut into thin strips and the stirring 
continued until no white flakes of undissolved soap can be 
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^in :i «'ari'!u!ly I’xaiuiiic'l saiiijilc taken f'nitu the; [<ait, 
tlitJ I i »a-'S on the c’f lilt nil'}’ a] t[»i at'itiy ficrkref !y !i<iinoj,;(*ii<-otis. 

;iiir pr;M tmni arr ^ 4 ' that a hruwiiaailuurcHl 

ar1s iiifirr |ifnvrrtully than a pak* a siippusit 

i** uilliuut ft>uiti!atinn, !h<‘ hruwii tciloratinii 

iii«*relr «>!! tlif’ iint* of dark-t'okiurc^d laatctrials in 
tlio dpyra’*^ 1 hr dnitaiid fur ilark-t olutirrd prodmiH 
cranily hi! iiifi, liy llio rnijiluyniciit of a Miitahb cadoiirinp 
rri^ 3 ttc*riril atidttd tu fhr hit iiia*,-., a }iipliI}’-c..;oiii caitrated <*k- 
tr'SriCt c#r laiiiiiii liriiip, iIh* iii<o4 Hiiilablf^ for the piirpnso. 

lipwid ill f|iii:^dioii is nm in a thin si ream iiitii tlie hot 
aiifi slirnai liiitil llii! i‘fi!iiiir is iiiiitoriii; it is, howevt*r, 
oec::c?*^'*^ary lf» that thr chyp’as presom*-. itssaki^Hkerrofo 
siIiry. Wlirii spiTad init rather tint kly fivrr a yjass plaU: 
ainci Iiidfl up tu tile liylif, mo-ll |tre|i;ti'eri dejpsis should transmit 
light liiiiforfiily willioiit doifikiyiiii: any dark faUlies in the 

/nmi flki/e /oi4 By siiilahir iriaaliiinil atyv tat 
hy mmtm of excredhtg iiiipiirityi is srarreiy fit for 
otilicrr piirpiw^ may Im ciiiivmlrd into flrgnis* for ex- 

aLixi|-^k% a vtT>MtHd‘iil aiid liigli-prkcrt degran ran In? firqmTOi 
fk-oirit the dark and re|uildv4,! j^iiiidlifig htl oIiL‘miic|I hy lioihiig 
bormes that are already in an advaiicctl stiige of piilrcfacticm. 

For this fiiir|Kise ifie fat in hoilefi iii #i fmii for half an hour 
t:o I 2Ci* l 0 I JO" C, with coiiliiiiicfl hlirriiig (whereby it very 
disatljreeabk cidciyr m givai and link in tlieii stirred with 
-4- t..fi 5 fx:r cent, of it% weight cif it | jK!r cent, noda lyc^ 
fc>llc>%ved by the jM'ititHli lye m in flic ciihc of the ciegnei fitnde 
froiio fish oil III this fiiaiincr can !>c t>bti4iiied-*-«gcri€ri4l!y 
any sciap being re«niirc?d for lliickcriirig—a hrowti 
fiilfilliiig til the rcrjiiimiicfits lliiit ciiii fm exacted of 
tiler prmhict 

Miuk ii/gras can tic fircfmreci hy slirrifig iiiln itie li«4 
cl6*,|^jras, colotircil with Ian tir laniiin exiriici, sonic grcxri vitriol 
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(fcrnnis sulphalttj (iisMih'tal in a hinall quantity <*i’ water, 
whcrcufKai the entire nmss will becaiue deep hlat^k iittcihnin 
Such <lc^;ras forms an excellent c?innlieiit hir black IratlicT. 

Wool Ilat (Wollfktt, Wollmiiwllssficix 

I\\tm Ma/rriii/.—'llw wool of the sheep, which ccnilaiiis a 
consifierable ciuanlity of this fat. 

/V'c/rz/v/Z/fW. - By extraction with carbon bisiilpfiiilt% 
fietrolcuoi spirit, etc, in the usual or sptjciaily coiistriicted 
apparatus, llic crude fat contains als«i di:i!ciiii|ic'tsiliofi pro- 
ducts of gelatinous and albuiiiinfiid siib.staiicc.s, tf> which the 
dark colour of the substance is due. If these prodiicts be suc¬ 
cessfully removed before they have iiridergcjiie cJecorti|icisitioii, 
a pale yellow wool fat is obtaitiech with gelatine iiiid albiiiiiiii- 
oids as bye-products. With this end in view the test iniiterial 
to -employ is the solution of wool hit obtained by extruding 
the crude fat or dissolving it in suitable solvaita This is 
treated with a small addition of syrupy phosphoric acid or one 
of the following precipitaiits: pyro- or meta-phosphoric acid, 
acetic acid, lead acetate, tannic acid—weli stirretd up and 
mixed without interrupting the stirring—with 2 |>er cent, of 
benzine, alqphol or strong spirit. In a very short time the 
precipitated substances will have settled out The ainoiint of 
phosphoric acid, etc., necessary for the precipitation varies 
with the origin of the wool and the content of fat, and must 
ascertained beforehand, but as a rule it will not exceed 2 per 
cent of the fat The clear and now^ pale yellow coloured 
benzine solution separated from the precipitate restiltitig from 
the above treatment can be evaporated without delay, and 
will leave behind a pale yellow fat If, instead of ordinary 
wool fat, neutral wool fat is desired, the solution freed from 
the precipitate is not at once evaporated, but is first trmted 
with aqueous alkali, heated and well stirred, the aqueous 
layer containing the resulting soap being separated, after 
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;i shciii tiTiK\ frcjiii tin: supernatant .soliiiicui of rurutral 
iziiit:. If the separation is att«:n<ic<l with difiiculty it 
a(:ilitatc.!fi In' the addition cif a littk? alcohol ca* spirit, 
iiit: cf*iilainiiip. thr neutral fat can then hecwaporatcah 
t: first treated with calcium chloridt* for Uit! removal 
irticlc's of waltu' aial trace's soap disscdvisl thereinj 
isioiL 

st'paralioji rif the |^datiia)us and albuminoi<l suh« 
from the iiaiol fat is tasily <ffected in th<! ahove- 
! manner, provided the crude fat, or fatty matter frcmi 
e fat has tjcfii dissolved hy i>enzin(: or the like?, has 
I previfitisiy subjected to proloiigctd liealing. Iff 
the fat ill the benzine sohiti<m <!nipIoyed has already 
c Iicattrd to complcltrly expel tlu! solvent, or hnnvii, 
ial waiol fat lihtainccl from c:rude wool fat l)y hot 
or sitiiiiar nietlKKls is used, then the separation ch the 
IS and albuiniiiciici matters hy the ahiresaid precifii- 
iicoinplcle, fiwiiig to the partial decofiificisitton which 
fi fdace ill the fat The procltiit, it is true, h paler 
origiiiiil iniiteriah l>«t will not yield a light-coloured 
it It IS, therefore, iieceisary to Iity |jiirtic«Iar stress 
^elcctkiri of a riialeriai in which the gelatinoiw and 
lid hodiefi have not suffered deccirtiposiliom The 
lion of the extriineoiis matters is best effected hy 
giily coficentratecl acids, such as the synifiy ortho- 
r in€Jta-pbos|>h<iric acids, glacial Jicctic acid, etc. 
by itself will not prodiice any precipitate* Hie* 
icrius cir successive actifiii cif the aforeHaid precipititiits 
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by themselves to precipitate matters from solutions of wool 
fat, this result only ensuing* on the addition of alcohol, which 
latter substance also, by itself, is incapable of effecting pre¬ 
cipitation. 

A considerable amount of crude wool fat is obtained as a 
bye-product from wool-washing works, especially in the York¬ 
shire district The soapy liquors from the washing becks 
being run into brickwork tanks, where it is treated with a 
slight excess of sulphuric or hydrochloric acid. The fatty 
matters which rise to the surface are skimmed off and pressed 
in a steam-heated hydraulic press from which the melted fat 
runs into a cistern. The acidified liquid, still containing some 
fat in suspension, is run into the nearest stream. The press 
cake still contains 15 to 20 per cent, of fatty matter, and it 
would seem worth while to extract the cakes with a solvent; 
there is also present 2 or 3 per cent of nitrogen so that they 
can be used for fertilising purposes. The crude wool fat 
contains in addition to the true wool fat a certain proportion 
of free fatty acids derived from the soap used in washing the 
wool. According to Lewkowitsch a grease prepared in ""this 
way had the following composition :— 


Volatile acids 
Insoluble free fatty acids 
Combined fatty acids . 
Alcohols (cholesterol, etc.) 


1*28 per cent. 
20-22 „ „ 
48*47 » 

36*47 »» 


This crude wool grease is employed on a large scale for oiling 
shoddy, it is also distilled and separated into an oleine and a 
stearine. 


Properties, 

Specific Gravity ,—At 15® C, 0*973 (Schaedler). 
Melting-Point. —39° to 42*5° C. (Stockhardt). 

Crude wool fat is a greasy, unpleasant-smelling, yellow 
or brown mass which, by reason of its high content of choles- 
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is<M:hf)lt:sti:riiL and tlictir esters is only with difficulty 
s;t|Miiiifiablfe .\if>rctivrr. it tsjntaiiis. in achlitioiL yJyceridcH 
whicii tliost! of t!u‘ lower fatty acids fc./y, valeric 

ai:ifl and pofasli soa|i^ of ihc sairl acicis. Accordin[.( to 
I )ariii>tadti:r and LifMJiiit/. wool fat contains lanoccric, lano- 
iii)‘riH|ic:^ and caniaubic: acids, also two licfuid and 
one volatile acid, eery! alcohol, tholie 4 ,eroly isocholcsicroh oxy- 
chcilesterol ((“.rJ I and thcr vAhar of the latter (C,fJ 
While Lt:wkoivitHc}i states that it probably contains lower 
satiiratol a!«:oliols itiid also sfiine hydroxy acids. AIt<i|4cther 
wcKi! fat has a ver)’ coiripHcated coinpositituL When sub- 
jectird III fiistillalioii if yiedds///5////1V/ ////wliich lias the 

foilmviiig flianicteristics: 

Mdliiig-poiiit, 42 C'. ; seftiiio-pcaiit, 40 (A : 
point of the fatty acids, 41 sH C‘. ; soitiiip^-pfdnl of the fatty 
acids 40”' (j. ; 5w‘4poiiitk:iitioii valni! of the fat, iLo'H; of the 
fatty acids^ lyO'K; iodine iiiirribi:r, jCro (Iliibij. 

Distilled wool fat cofisbts alfiiCMt exclusively of free fatty 
acids aiir! chcdcHteriii. When it is treittcd in the u^ual iimritier 
for ttii! sepaniliiiii of the insoluble fatty acids a white mass is 
olitaiiied, which, in 11 few ciay«» fiecomci yellow iind then 
orange, tifid, by rmstm of the presence rif volatile fatty acid», 
resiifiies the cliariicteristic smell of wocil fat. 

Purified tmud /ii/ is met with in ccimtiierce liiicler the 
iiaines c^f iamdim or Adefs lanm hydrous, coiitairiirig about 
20 per cent, of water, and Adeps lapue anhydrous. The c:rucle 
flit, which under the designation of (Ifsifus was eiiiplciyed for 
iiiediciiial purposes by the i-iiicieiitH, is a brown evil-srnellirig 
inasi. Acccifciiiig to Jaff6 and iJarmstiidter the following 
means are eniployed for its piirificiitiofL The soap^ fircserit 
in wool fat arc converted iiilci itisoliible fatty salts by means 
of ac|iieoiis soltiticnis of salts of the alkaline earths, or by 
inelallic Halts, and the iiiiiss treated in the centrifugal separator. 

It is then extriicted by boiliiig acetone, wherein the word !«it 

iH 
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aloiH; is s« 4 u!)ic, and tliis substance is recovered by cooling 
tlu: solution ui di%ti!!ing off the acetone. The crude wool 
fat !rt:atc!fl with alkaline earths can also be dissolved in 
btaizint*, !)eii/.ok xylol, IoIucjI, isobutyl alcohol, amyl alcohol, 
nr carbon bisulphide, and the soaps thrown down by an 
atiditinu of ucettnue. Instead of centrifugal force, lime water 
and aa aquentis solution «>f a salt of an alkaline earth can be 
used for Ht:|)anitiiig the wool fat from the wool washings. 
Ihc pra::ipita!i<ai of the lime soap breaks up the emulsion 
and causes the separation of the fat, which can then be 
skimnial off, and, when treated with alkalis, it can be made 
to yield up its fatly acids. When the products of the reaction 
are treated with methyl- or ethyl-alcohol lanolin is left behind 
as it is insolubie. Also in treating wool fat with alcoholic 
potash the pure wool fat remains undissolved. The wool fat 
is made into an emulsion with ammonia, and strong alcohol 
is adde<l, whereupon the pure wool fat is precipitated; and it 
is this fat that, when kneaded with water, is put on the 
market as “lanoliid*. It melts at 40° C and can absorb as 
mudi as 105 per cent, of water without losing its salve-like 
consistency. Being saponifiable with difficulty, and not be¬ 
coming rancid, it is used as a basis for salves, an adjunct to 
cosmetic sfiaps, etc. A. von Rad removes the colouring and 
odorous matters cjf crude wool fat by treating it with oxidising 
agents, such as bleaching powder, or permanganate, in an 
alkaline solution, the wool fat being subsequently extracted 
with strong alcohol, benzine, carbon ether, benzol, tetra¬ 
chloride c^r chloroform. 

In order to obtain perfectly neutral products, wool fat is 
esterified in admixture with oleic acid, of which, however, 
no addition is really needed, since this acid is present in the 
raw material This is treated with alcohol and sulphuric acid 
(66'" Bfe.). Rad designated the mixture of cholesterin ethers 
(wool fat) with the neutral ethers of oleic and ricinoleic acids 
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by the name of lanesin The Norddeutsche Woll-kdmmerei 
H. Kammgarn-spinnerei prepares neutral wool fat by adding to 
the crude wool fat, thrown down from the wool washings by 
sulphuric acid, some fat solvent such as benzine or carbon 
bisulphide either before or after neutralization, following this 
up at once by a solution of common salt, magnesium chloride, 
sodium sulphate, etc. The soap is thereby separated from 
the dissolved wool fet, which can be recovered by evaporating 
the solvent. The use of sulphuric acid in this process may 
be superseded by sulphurous acid, which prevents putrefaction 
of the washings. The product so obtained is introduced into 
commerce under the name of Adeps lance for pharmaceutical 
purposes. J. Roos emulsifies wool fat with boiling water and 
soda solution, the layer of unsaponified cholesterin collecting 
on the surface being skimmed off and the residual emulsion 
treated with dilute acids for the recovery of the fatty acids, 
which latter are employed in soap-making under the name of 
patent fat”. 

Purification of Wool Fat .—The preparation known as 
lanoline, now widely used in the manufacture of pomades and 
for other purposes, is a product extracted from wool fat and 
possesses the property of forming emulsions with water. The 
process of extraction and separation from the free fatty acids, 
odoriferous bodies, and other impurities of wool fat is effected 
in the following manner :— 

An autoclave of some 1500 litres (330 galls.) capacity, 
consisting of a copper cylinder with well-riveted ends, is 
employed, fitted with a manhole in the upper part for the 
introduction of the charge of wool fat, and the other necessary 
materials for the process, the cover being screwed down whilst 
the apparatus is in use, and provided with a ring so that it 
may be removed when required. 

Two steam coils are situated at the bottom of the auto¬ 
clave, the one being perforated for blowing in steam in order 
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to raise the temperature rapidly and ensure the a‘ptati#ii! and 
intimate admixture of the contents of the vessel, and ifit* 
other closed^ the function of this latter coil !>eifi|( to iiiainlaiii 
constant temperature at the close of the operation, and so 
assist the separation of the: soap from the etherified fat. In 
the middle there is a tap for dccaiitaticuL aii<! an otililmr tap 
is provided at the txise of the apparatus. In ad<!itioii in 
these fittings the autoclave has a pressure ipaiigc and a safti)* 
valve. 

About Hoo kilos (1760 Ilxj C)f wool fat is plarecl in flic 
autoclave alcmg with a hectolitre (22 galls.of caustic soclii 
of 3*25’' Beaume strengtlg sufficient to sapiiiiify llie free fatty 
acids. The manhole is then hcrmeticaliy closecJ and slUfiiii 
is blown in for 3 hours at a congtiint pressure cif 2 iiliiicis- 
pheres. Into the mixture of soap unci woo! fat thus 
are run 200 kilos (440 lb.) of water and 300 kilos (660 Ih) 
of acetic ether, the whole being then maintained in a ^inte 
of brisk agitation by !>lowing in steam under 4 atiiifisphercH 
pressure during 8 hours. This operation results in the 
solution in the ether of the iinsaponificcl wool fat, whil.^t the 
water absorbs the soap and the greater portion of the iifi- 
purities. 

On cutting off the supply of direct steam and keeping iip 
the temperature by the aid of the closed steam coil, the licpiid 
separates into two layers ; the ethereal .stratum-'-' being ligliler, 
and, therefore, at the top—is then removed by ikammimi 
through the upper tap, and washing with several adflitioim of 
alkaline water at a temperature of 60'' C. is resorted to in 
order to neutralize the acid liquor, the two final washiiigi 
being effected with pure, warm water. 

On distilling off the acetic ether, which may te uieci I’wcr 
and over again for an indefinite number of times, the wool fat 
ii obtained as a white, neutral body, which, when fiiterccl, iiiiiy 
be employed for the same purp0«s as lanoline. 
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The water charged with soap is drawn off through the 
large tap at the bottom of the apparatus, and is collected in 
a lead-lined iron vat, where it is heated by steam. The vat 
is fitted with two taps, one about half-way up and the other 
at the bottom. This soapy liquor is treated with a 5 per cent, 
solution of 66° B 6 , sulphuric acid in order to neutralize the 
alkali, and, after leaving to settle a while, the acid liquor is 
withdrawn and washing performed with pure water, maintained 
at boiling temperature by means of a jet of steam. 

When the washings have become neutral, which can readily 
be ascertained by the aid of litmus paper, the fatty acids are 
collected and may be employed for soap-making, for which 
they are admirably adapted. 

The acid liquors produced in these several processes are 
stored in reservoirs in order that the traces of fatty acids con¬ 
tained in them may ascend to the surface and be recovered by 
skimming, and the acidified water may be utilized in succeed¬ 
ing operations. 

Lanolin Substitute .—Owing to the shortage of various 
materials the question of substitutes has become very pro¬ 
minent Among the many things which are now difficult to 
obtain may be mentioned lanolin, the purified fat from the 
wool of the sheep. Lanolin is used in pharmacy in the 
manufacture of ointments, plasters, bougies, etc., for which 
purpose, owing to its unctuous nature, the ease with which it 
is emulsified, and its ready absorption by the skin, it is emin¬ 
ently fitted. In The Journal of Industrial and Engineering 
Chemistryy S. Axelrad describes his investigations undertaken 
with a view to finding an efficient substitute. The power 
which lanolin has to absorb water in such a high degree was 
ascribed by Liebrich to the esters of cholesterin which it con¬ 
tains, but Darmstadter'and Lifschlitz, after making a thorough 
examination of wool fat, came to the conclusion that this 
emulsive power was really due to alcohols of the iso- and 
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oxycholc.stcriii |4:roup. A substaucc kiunvii as Jiiireiiiiwas 
at one time imported from (Germany, and Tiiiia, triatiiiit tipmi 
ointment bases, states that this prociuct is a mixtun: of alcolioh. 
of the iso» and oxycholcsterin gr<)Uj) in adiiiixtiire with f.rtru-. 
latum. Unna, however, did not give any iiiethcal fur the 
preparation of these alcohols, nor did Koeiner, whfi ha-. nWi 
written upon the subject. (Iriin recoiiniieiided the use* tif 
cetyl alcohol (CjulIjijOHj as a substitute for lanolin, and iIm: 
author therefore investigated this substance in cirdt!i* 
mine its suitability. No satisfactory nicthod for the prepano 
tion of cetyl alcohol cm a commercial scale? has yi!! beeii 
published, therefore attention was first directed lo detcriiiiiie 
the cheapest and most practical method which would tlie 
highest yield. After reviewing the methods which hti%^e been 
suggested, the author carried out a series of experiinetits, anti 
found that the best process consisted in heating sjM*rfifiaceli 
with lime and a little water to a temperature of 230 -250 Ck 
At a temirerature of about 240" C. cetyl alcohol flislils 
unchanged in the form of a white vapour, ciistilliiig wrr lo 
form an oil which .soon crystallises to form a solirl mass having 
a melting-point of 49*5'' C., the yield being 40 |x:r ceiit on tlic 
spermaceti. 

Mixtures were made of this cetyl alcohol with pelrolaltiiii, 
water, and a little lanolin, the following being foiiiKi lo he%*ery 
suitable, and moreover showed no change after keeping lor ;i 
^;rperiod of 17 months: Fetrolatum, 70 parts; paniffm {iii.jc, 
60® C), 20; cetyl alcohol, lo; lanolin (riiiliydroiis^, % ; irafi?r, 
100 parts. The physical proyierties of this mixture re^iuiihlc 
lanolin very closely, and it can be siibstitiited for the lalter in 
any ointment or other preparation* It m slittol tiiiii the 
lanolin is employed to imptrt to the mixture the tiiictiioiis ” 
feeling which is so characteristic of wool fat; citherwiie, it 
could be dispensed with. 




CHAPTER VIIL 

THE HYDROGENATION OF OILS FOR CONVERSION INTO SOLID 

FATS. 

The treatment of oily unsaturated fatty acids and their cor¬ 
responding glycerides for the purpose of converting them into 
saturated substances of higher melting-point, and therefore 
of increased value, is a most important problem which has 
engaged the attention of investigators for quite a number of 
years. 

Theoretically the conversion of oleic acid into stearic acid 
according to the equation— 

Q 8 H 34 O 2 + Hg == C3^gH3^02 

seems to be a very simple reaction, requiring merely the addi¬ 
tion of one molecule of hydrogen to each molecule of the acid 
to bring about the desired result, but on further acquaintance 
with the subject we shall find that in reality the problem is a 
very difficult one, which, though attacked time after time, has, 
until recently, yielded but indifferent results. 

The passing of hydrogen through the liquid acids under 
any ordinary conditions leads to no change whatever; it is 
only by the application of special means that success has been 
attained, the number of researches which have been published 
and the host of patents taken out in connection with this 
subject, both in this country and abroad, being eloquent testi¬ 
mony not only of the difficulties met with, but also to the 
indomitable energy of those workers who have made this 
special branch of work their own. 

(279) 
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The (leveldpmuiits during' the last few years have, hi tw ever, 
been of such a nature that it is now not only [lussililc to con¬ 
vert oleic acid into stearic; acid, luit to take ordinary oils, and 
in the course of a few hours, without decoinjiosiii” them, con- 
vert them into solid fats. The importance of tiiese discoveries 
to the makers of candles and soap cannot be overwstiniated, 
but to others the subject is of cijual interest, for it is stated 
that during the hydrogenation oi fish oils, not only are they 
solidified but their vile taste and smell an; reinoveil so that 
they become fitted to be u.sed for food and other purjjoses, 
and they now comi>ete with the other more expcuisive soHfi 
fats. 

The processes which have lieen deviwid for convertiiii.' oleic 
acid into solid acids may for convenience be divided into three 
classes:— 

1. Chemical processes. 

2. Electrical processes. 

3. Catalytic processes, 

The.se processe.s are all fundamentally clunnicai, Slu- only 
diflference being in the means by which the change is brought 
about. 

I. CHKMrCAI, PROCtt'iSKS, 

The conversion of oleic acid into palmitic aci<i is possible 
by what is known as Varrentrapps reaction, /.*?., melting with 
caustic potash;— 

+ 2KOII - KCi,H,p, + KC\H,0, + M, 
but as shown in the equation there is a considemble los.s of 
material as acetate, and, though tried several times on a large 
scale, it has never been commercially succc-ssful. 

By treatment of oleic acid with concentrated ,su!phurir 
acid, Geitel obtained sulphostearic acid (C,.Ii;,j.SO,H.ji which 
on boiling with water yielded B. hydroxystearic acid fCj,H,j,((>^y 
and sulphuric acid. Schmidt obtained a solid product (It. 
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liydroxystearic acid, m.p. 82° C.) by heating oleic acid with 
xinc chloride to 185 C., and then distilling in a current of 

steam for the removal of the oleic acid. This resulted, how¬ 
ever, in the production also of a large proportion of stearo- 
lactone, and iso-oleic acid, together with unsaponifiable sub¬ 
stances. 

When oleic acid is treated with chlorine, bromine, or iodine 
the halogen is absorbed, forming, for instance, with bromine, 
dibromostearic acid:— 

C18H34O, + Br, = 

On submitting this compound to the action of zinc and 
hydrochloric acid, which liberate nascent hydrogen, oleic acid 
as reformed:— 

+ 2HBr. 

If, however, the oleic acid be heated to a temperature of 
200''-2io'' C., with hydriodic acid and amorphous phosphorus, 
as proposed by Goldschmidt in 1875, then the reduction is 
complete, and stearic acid is the result This constitutes the 
first successful method for the synthetic preparation of stearic 
acid. About fourteen years later P. de Wilde and A. Reychler 
used chlorine, bromine, or iodine for the • same purpose; for 
instance, heating oleic acid with i per cent of iodine in auto¬ 
claves to a temperature of 27o'’-28o^ C., and decomposing the* 
product with a little soap solution. 

The fat thus obtained had a melting-point of 50^-55° C., 
and on distillation in a current of superheated steam was 
separated into stearic acid and other products. The conver¬ 
sion, however, was not complete, amounting to only about 70 
per cent, but the difficulty of recovering the iodine was so 
great that the process was found to be too expensive to carry 
out on a commercial scale. ' 

Treatment of the oil with chlorine for the formation of 
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>rc)sti*«iric’ jicid cincl sul>sc«|utjiitly s«i|M>nif\tin pitt- 

duct was invented by Imbert (French I’at. .F'S.vbr I'/'j'ti, 
while Zurer, after chl<)rinatin^^ reduced the prodiiel with water 

and a finely divided metal ((ler. I’at. (12,407 of 1S91 . 

According to a patent of 1 issier (I'renrh i’at. 2(15,i>N. 
Jan. id, 1S97,) oleic acid is rediK’ed to stearic acid when it i*. 
heated alonji with water and metallic zinc under pressure in 
an autoclave. Oils heated under these conditions arc stated to 
be decoinpo.sctl into fatty acids and ylycarrine ; at the same 
time the oleic acifi is coverted into stearic acid, hrcundlicli 
and Rosauer, however, after a nuinbcr f>f experiments with 
oleic acid and with hone fat, were unable to detect atiy stearic 
acid to have been formed umler the.se coiiflitioiis. 

2. Klkctrolvtk: I’kocks^ks. 

The first claim to any method for electrically reducing' oleic 
acid to stearic appears to be in an Austrian patent (No. io. 
400, July 19, 1886) which was planted to Wtuneck. 'Icji 
years later Knc.ss em()loye(l an electric current »lnrinp th«* 
steam distillation of fatty ackis with a view to increasing: the 
proportion of solid acids therein. In 1900, Magnicr, BrattKicr, 
and Tissier (Kng. Pat. 3363, igoo) proprsed to acitlify the 
oil material with .sulphuric acid, anrl, after diintion with water, 
pass a current of electricity through the mass tinrler a pressure 
of 5 atmospheres. 

In the Hemptienne patent (Ivng. Pat. 1572. 1905; claim is 
made for the use of a sjrecial apparatus consisting of a f:hatiil«r 
in which a number of parallel metallic plates are arranged, 
these being placed alternately with glass [>lates. The iiietailic 
plates are alternately connected with the two poles of a gen¬ 
erator, while the oil is sprayed on to the plates, ami hydn^ien 
is passed through under diminished pressure. By this metluHi 
it was found that 20 per cent, of stearic acid coukl rearlily be 
produced; by repeating the treatment this was increaRCcI to 
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40 per cent, and after pressure to remove the liquid acid a 
further 20 per cent could be obtained from the latter, leaving 
40 per cent of the liquid condensation products of oleic acid. 

Using nickel electrodes, and passing the current through 
an alcoholic solution of oleic acid slightly acidified with sul¬ 
phuric acid, Petersen was able to obtain a yield of stearic acid 
equal to 15 or 20 per cent 

The best results obtained by C. F. Bohringer Sc Son 
(Ger. Pats. 187,788 and 189,332, 1906) were, however, with 
electrodes constructed of a metal, for instance, platinum or 
palladium, on which a finely divided or spongy form of the 
same metal had been deposited. Here we approach closely 
to the purely catalytic methods, there being practically no 
dividing line. 


3. Catalytic Processks. 

Catalytic agents are those substances which bring about 
chemical changes without undergoing any material alteration. 
This being the case, they are very often able, under favourable 
conditions, to do an amount of work altogether out of propor¬ 
tion to their weight, and at much lower temperatures than 
would be possible by strictly chemical means. The natural 
unorganised enzymes or ferments, such as diastase, ptyalin, 
pancreatin, etc., and the active principles of yeast, the butyric, 
acetic, and other living organisms, are all catalytic agents 
which induce changes in the surrounding mediums necessary 
to the life processes of the particular organisms which produce 
them, and at ordinary temperatures or at very moderate 
temperatures bring about rnost remarkable reactions with the 
greatest ease. 

Certain inorganic substances, for instance, finely divided 
metals, metallic oxides, etc., have also been found to be 
specially active in certain ways, and to resemble the natural 
ferments in their action to a certain degree, therefore for this 
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rcas{Hi tlicy have been referred by Sabalitrr as irioriiaiiic nr 
^‘chemical fcniicnts’’--a de.si[{ii«ttit>ii ivhitii is nut altoyctlier 

iiiis placed. 

The fiLst rcc()|4:niti<ai of the? atiivity fd'aii iiKiripiiiif 
tic ai^^cnt was niade in wlieii Mdward liavy prrpara} 

platinum black and fniind that on f?>:ptKiirf* to air it abscahed 
oxyi^en so rapidly as to become? rerri ho!, and that on nioislni- 
ing with alcofiol it caiiseel tlu: Iatt«?r to lake: fin*. 'Hu: affinity 
of this fmciy divided pL'itinimi for ox\*f4eii is rather r«:itiarka}ik 
as no clicmical acticai is observtai and nooxifii! is foriiird; tiie 
action is simply a physical oiien flic: oxygen beiiig c oriilciised 
on the surfacx and in the pores of the mrlal to siicdi an exleiil 
that, as stated, the metal can absorb mort! tlian Kc^i times its 
own volume of the gas. This finely divided metal !ixidi:?il witli 
oxygen has now become a very aclivc rat alyl ir apAnit, biib as 
will be shown later, not only can jihitiiiiiiii filark absorb 
oxygen, but it can also absorb hycirognm or other and 

thus its activity may in other direct ions !«: irijiially as power- 
ful. 

In 1822 iJobereiiier prepared spongy plalifiiiifL aiai foiiiifl 
that when hydrogen wan pansed over it in tfiiifnfl with an 
the metal sj>ontaneously liealed up tiiifil |}|o ipts lirc'ainr 
ignited; this is the germ of iiiaiiy of Ifie jircMtiil ^^fdldiglitiiig 

devices for incandescent gas btiriicr\ Later, diowed 

that when palladium foil (a similar metal In plaliiiiiifi, 
put into a mixture of hydrogen or olhitr cfmibiistibli* 
oxygen, combination at once took plaa: wiliioiif nMphiskm, 
Sfx^ngy palladium has since been prodiiced, aiiil itKo imllmimm 
black, which is still more active. 

Other finely divided metals have ktni (miml In liave ailive 
profwties, as, for instance, ‘‘wpoiigy^’ iroii, wlikli iiw!fi 
by Bischof for the filtraticm of water, and finely diidtkd lead, 
which is pyrophoric, sfxmtaneciusly iuking fire ifiiiiitTdiiitriy 
it is brought into contact with the air* 
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In 1871 Saytzeff found that nitrobenzol could be reduced 
to aniline by passing it in the form of vapour along with 
liydrogen over palladium black. 

In 1901 Senderens obtained a patent (Ger. Pat 139,457^ 
of 1901) for the same purpose, but employing heated metals, 
for instance, nkkel, copper, cobalt, iron or palladium, and 
liydrogen or water gas. 

This is an interesting patent because for the first time 
other metals besides platinum and palladium, notably nickel, 
are recognised as catalytic agents. It was followed by a 
considerable amount of work by Sabatier and Senderens upon 
the action of various catalytic agents, which work forms the 
basis of our present knowledge of these remarkable sub¬ 
stances. 

During the years 1901 to 1904 several papers by Sabatier 
and Senderens appeared, these being devoted to the reduction 
of nitrobenzol by means of finely divided copper; the synthetic 
preparation of marsh gas (CH4) from carbon monoxide and 
dioxide by means of finely divided nickel; here cobalt was 
found less active, and platinum, palladium, and iron are stated 
to have no reducing action; direct reduction of nitro-deri- 
vatives and oxides of nitrogen by finely divided nickel and 
cobalt; conversion of aldehydes and ketones into alcohols 
by hydrogenation, and direct hydrogenation of aniline and its 
homologues by means of nickel. 

In subsequent years Sabatier branched out into the pro¬ 
duction of illuminating gases, taking out several patents for 
the formation of marsh igas and other hydrocarbons from 
carbon monoxide and other gases. 

In 1907 Sabatier and Maille investigated the action of 
finely divided nickel and cobalt on the fatty anhydrides (acetic, 
propionic, butyric, etc.), also on alcoholic quinones. 

Eventually Sabatier took out a patent (Fr. Pat 394 » 9 S 7 > 
Dec. 12, 1907) for the catalytic conversion of liquid into solid 
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fatt}' at'ids, which, however, was not tht? first <_^ranti‘d fur 

this purpose. 

In the meantime Senderens passeti on to the: iiivt*sti‘p'i!!on 
of the catalytic action of alumina, thoria, aiul similar tsiilhs 
on or|4;anic acids, ethers, ketones, etc. 

Interesting as all these investigations were from-. shal! we 

say a catalytic point of view ?~tliey arc mostly oiithidi: llit: 
scope of the present article ; therefore, we must go back a few 
years when we find that the new ground opeiiini*: tip was 
rapidly taken by other observers, the knowledge g«iiiiecl being 
applied to solving other problems than those afipaririitl)’ 
foreseen by the original investigatc^rs at that time. Xatiirally, 
the reduction of oleic acid to stearic was one of the probliniis 
which soon suggested itself, and wc find the first pateiitn taken 
out in this direction to be one granted to Le Frince and 
Sieveke (Gen Fat 141,029, Aug. 14, 1902}, followed the iitrxt 
year by a patent to Normann, of Westphalia (Eng, Fat, i 51 5, 
Jan. 21, 1903). In the latter the fatty acid, or glya.!riflt% 
either in the form of vapour or as a Ii«|uicl is bnnight iiiPi 
contact with hydrogen or a gaseous niixtiirc croiitaiiiiiig 
hydrogen, water gas, in the presence of a fiiieiy ciiiidoi 
metal such as iron, cobalt, or preferably nickel The vesstt! 
used is a cylindrical one, filled with a catalyst consisting of 
nickel reduced from the oxide by means of hydrogeii, iiiid for 
the purpose of exposing as large a surface as [xissible this is 
precipitated on a support consisting of pieces of pumice slciiic. 

By passing a strong current of hydrogen through a fnixliire 
•of oleic acid and catalyst for a considerable time it h stated 
that the former is completely converted into stearic acid* while 
tallow treated under the same conditions has its iiieltiiig-fKiiiit 
raised to the extent of 12^" C. 

1906 Fokin, experimenting with ethemt! soltitioiis of 
^leic acid and catalytic metals, was afiie In obtain 
' states that^ on triating an ethereal soliiliofi of 
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oleic acid with palladium black and passing hydrogen through, 
stearic acid could be detected at the end of half an hour, 
with platinum black, 24 per cent, of stearic acid could be 
obtained in half an hour, 84-^- per cent, after 3-^ hours, and 
90 per cent, after 5 hours. With cobalt hydride at 270° 
under atmospheric pressure the reduction of oleic to stearic 
acid was equal to 26 or 28 per cent, while in a sealed tube at 
higher pressure 60 per cent was obtained. Nickel and cobalt 
(prepared from the oxides) also reduced oleic acid in presence 
of hydrogen, the former at 45''-i84‘' C., the latter at 98°- 
250" C. 

Fokin regarded the reduction, whether electrolytic or other¬ 
wise, as due to occluded hydrogen; therefore'those metals 
which occlude hydrogen in the highest degree are most effici¬ 
ent Palladium was found to be the most active metal, 
reduction taking place at i8o''-20o'^ C., nickel, cobalt, and 
copper in the order of activity. The investigator suggests the 
‘‘hydrogen value of oils as the number of c.c's of hydrogen 
measured at 0° C. and 760 mm. pressure, absorbed by an oil 
in contact with molecular palladium, as an analytical factor 
equivalent to the iodine value, with which it agreed very closely 
in several instances. 

Schwoerer (Ger. Pat 199,909, 1906) claims the use of a 
close steam-jacketed pan containing a helical trough, over 
which the material to be hydrogenised is caused to flow in a 
thin stream. The catalyst, consisting of nickelised asbestos, 
is attached to the underside of the trough. Oleic acid, atomised 
by a jet of steam in presence of hydrogen, is blown into the 
vessel, which is kept at a temperature of 2 50°-270° C. The 
vapours of oleic acid passing from the trough encounter the 
catalyst, and are thereby reduced. 

In Erdmann's patent (Ger. Pat 211,669, 1907) the oil in 
the form of a spray is dropped by a sprinkler on to a layer of 
the catalyst, which consists of nickel, supported on pumice or 






ANIMAL l%\TH AND (HLS. 


28cS 

the likt.*. llitt tcnipc.'ratiirc cif the: rhafiiht'r he!nf4 kept at 
170 -IKo' (k 

In a OKKlificatieii of this piAKress a fenver partly filk'il with 
the catalyst is ernpkiyerk and it is prnpesecl tn distil off‘ the* 
saturated predtict frenn llu! rcadJoii cdiaiiilicr under (liiniiiidirri 

f)ressurc. 

In the'Festrup pnccs.s Pat. pyaL. oMo, iiiisattiniled 

fatty substances mixed with a catalytic apent siirli as finely 
divdcled fjalladiiini, (u* preferably nicker! ftlie latter 2»j |?er rent, 
on the weight of thcr oily is iiitrochicefi in the fdriii of a fiiic: 
spray into a knig cyhhiriricaPyudarfed chaiiilier, luoited to 
fbo'NrycP C. ; the chamber being filled with ;t ‘^lirriiig drvicis 
From the first chamber it is taken by means of a pipt* ainl 
sprayed into a second similar chamber^ heateci tci 100' C., wiiert: 
the reaction is completed. If imrekr prcKliicts are refititred 
the process is repeated, or the material is pamrd throiigh 
several chambers. 

Bedford and Williams (Kng. Pat 20/02 nf 1004^ claim 
the method of preparing hydrcjxy fatty acids, or their glycrrides, 
by using a pan heated with a steam coi!, in wdiirh tin* itiiiterial 
is placed along with a metallic oxide catalyd (prefectlily iiickcl 
oxide, added in the {irofKirtion of aljout 1 per ceiiLj and bciili 
hydrogen and oxygen passed Ih rough. 

Schukoff (Ger. Fat. 241,823, 1910; also ifitrculuces vrry 
novel matter in his patent. 1*his in for hycirfigtrriiiting oil with 
finely divided nickel fjrodticcd from nickel carkiiiyl Churkin 
monoxide is led over nickel at the* ippropriiitc Iciiificratiirc, aiicJ 
the nickel carbonyl thus produced is led intci the oil to 
hydrogenisecl at a temfxjratiirc of iSo (k As sfioii as siifli* 
cient of the gas is absorbed the lerof^eratiire rained tii 
240'’C, whereby the carbonyl is decofHjX«ed, yirldiiig iikkid 
in a very finely divided state. At this singe hyiirfigcfi in In I 
in, which accomplishes the reduction. 

M. Wilbushwite (Ft Fat 426,343, 1910) claims the treat- 
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**i'’^*' k'ytu ,t‘ f’li! ill c yliiHlrical autociavcs 

^ .» ‘*t -ri . Ill ■ oil i, hiuwn in at t!ic top in the 

^'5 111 .j ‘If,!;. iH ‘ O’j ^ an iipAUi*! Mirnait of Ii^airo^paL It 
' a i. I,'. r, .1 ifi f‘ t j’i iiifu tin* Maanici dianihcr, 

alt'I ‘ * 'hi Mi s; 4 : :f | Ii,* pro'oairi! in thiscaasci is hi|^!p 

* ^ * S’" •’ ^ ; 4 s o , aii'l fh** ! -iiiprratlire loo -ifjo' i\ 

I I a’54 iiij\ hr prapaml Ih* clissoliiiia iron, 

* n*' a. a . r! , .s a 1 ,11 i'l, aial iiiixi!i|; fhi! solutioii with 

!a •’ t! ' 4 - ha- inuf ^ mil >iih,taiHf. llic iiietallic 

.1'* : In *\ i 1 aj huiiati-, oyhit^ij to oxick?, aiici 

tosa ^<1 ^ rn ' ' ‘4 li\ !i I t'si in a rotary dnuti at 50u‘ (!-» 

lim ra-n il|.< p.iilaifs. (‘hum is also 

'iM*h‘ ' h^' o ;ry. Ill Pm p^sh fafaJytir ap(*iit. 

> n. ''tin ^ Jo n-.’! a'lal l\, I',. i\larkel were 

'..It"''’ ^ .o-./ I . pm o^.a 4 oo'i for tho pirparatioii 

A ,ao ^ * ' n * y ’ 1 * '/ami ^ 1 y*hi, 4 .hr ./a., pitinii r, and 
fl," , i i;n ^ /■;' ' - .lO* saiar 4, {!^- 1 -A ah a hoiiiIiuii of iiifkc:! 
II ahiO' 0/ *1 * pi.f/f*i! irMti’if wif!i all alkali liytirfixiik iti 
piropi! uo-oh im/*m^s5 le ii|#Mii |!ir |p if I iiis iiii-ilitrial; after 

wrh ../a,y fij' nh ! m dii aiel irtliiced. If kfcscl- 

yili* . '‘s.p- /14 an: ha”/ piodiiit dioiilii ciiiitiiiii abmit 

' I f f“» o a! .a a ^ h^h. 

I lo' V oa fmil#i Wf'lk*' A. Cl. Fnt« 

* y . p t iO , |,n ; ha,/ |4 o,| iol t ptrler If# lisi! a palhi- 

'loilO ' ^ t l';i t 

14 ., a- fa y ymt44i opoa 4 iiiot.h w‘!ii*li has iiti aiitiriilaly* 
I'l pni^.fafa' * n?* opo ^ a inslal i<\alr of rai'lioiialia lilt? 
hmli ry-o j 1 I a., 4 ti 4 mr i| ,! | atiiio■fjilit:ri!s. limkr 

In," **' « ■ ai /! 0^4 a ' Ui-iJ i jMs! o!'|>;dl.i'!isiin Hut'tkes 

Su ( -ii'.*’!! -I 1 it'it) ^ I ,>t* '()» s(i!'< .1 '• tiili fill ill tht; c'HU’.HC 

fil I (.-i h'tw i i.; > *•' '••*!<''HI'' w**is'*- l«<Hi«I to have 

a inar’fi'-d -n.'^xu ..’i ij..- * »t iiy.;. eataSy |»ri;vc(ijiii|' its action. 
Jhc- 4t“ ii'-oii , hy» 5 fn’<Mi jt»!o.j<iwk*, Injiitt! hy(!racarl>oii», 
iaii»o,< iM'tmSylts'i*.', < fill 4 <«i‘•( 11 *. t'loiic*, iuifl tree itiiticral acifls. 
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In a suhsccjiKint paten! Fat. .pvl/n?/, I j .same 
fiiin claim the use of snlirl salts of the metals of the* platinum 
for hydrcif^’cnatinp^ oils, the: materials hcaterl to 

!Oo'' C. in hyclro^cii, preferably at a pressure ()f 2-.^ atirios- 
phercs. The rcjiction is statni to lie (juicker than malli 
palladium or platinum fdack ; while the activity of the salt is 
such that a <|uantily of paliacliuiu chloride ecpial to i part of 
palladium will convert 50/100 parts <if an iiiisatiirated oil 
a solid fat T(>|{uanl against the liberatimi fT free fait}' acids 
by the hydrochloric acid formed by the dissociatifiti of the 
salt» carlMinate of soda may he a<idcd to the salt c 4 ’ the metal 

For the preparation of catalysts which are stalilc in the 
air, Kayser (U.S. Pat 1,001,279, 1911) reduces cixicic of 
nickel or equivalent meta! in a current of hydrogeri, siibfie- 
quently passing carbonic acid through the reduced metal iinti! 
it has cooled to the atmospheric temperature. 

In the second patent (U.S. Fat i,0€>4/>34, ibn) Kayser 
claims the fjreparatioo of a catalyst by saturating kitsclgiihr 
with a concentrated soliithuiof nickel sulphate, or other nickel 
salt leaving it in an apparently dry condition, Hiis is then 
mixed with the molecular (|uantity of socliiiin carlioiintiA 
thrown into boiling water, ciried, and rcducecL 

H. Schlink & Co. (Eng. Fat. 9147, 1911) hydrogenate oil 
by passage through a centrifuge, the drum of which carries u 
lining of palladium catalyst. 

K. H. Wimmer and li B. Higgins (FV. Fat, 441,097, 1912/ 
employ organic salts of the catalytic metals. For instance, 
100 grnis. of cotton-seed oil are itiixed with 1-5 grifi& of 
nickel formate at a temperature of I70''-2CK>'^ C., iii hydrogen 

under pressure. 

Ellis has patented three forms of itpfmratiii for the hydro¬ 
genation of oils (U.S* Fati. 1,026d 54 ^ ^ t 1,043,912, 

of 1912), In the first the catalyst if placed on trayf cir 
baskets, the oil travels in a cyclic path downwarcts llrough 
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several layers of the catalyst, while hydrogen passes in the 
opposite direction. In the second patent a closed conical 
jacketed pan is employed, the oil and hydrogen being brought 
into intimate contact by taking the gas from the top of the 
chamber and pumping it in at the lower part of the cone, 
where it bubbles up through the mixture of oil and catalyst— 
a process which is automatic, and can be continued as long as 
may be necessary. In the third patent an autoclave is em¬ 
ployed, a pump circulating hydrogen through the oil. When 
the latter has been fully treated it is drawn off to a second 
chamber, in which it is steamed to remove noxious gases and 
vapours. 

The effect of hardening is to raise the melting and solidify¬ 
ing points, and to lower the iodine value and refractive index : 
the other factors are not affected, but according to W. Norman 
and E. Hugel the hydroxyl groups are more or less eliminated 
so that the acetyl value of castor oil, etc., will be affected In 
the case of olein this is converted into stearine; arachidic and 
behenic acid are formed from marine animal oils and may be 
present in the hardened fats to the extent of 20 per cent, or 
even more; the latter acid is also formed from rape-seed oil. 

The effect of hydrogenation upon various oils is shown in 
the table of analysis on next page. 

According to an article in the Oil, Paint, and Drug Re-- 
porter hardened oils are now being manufactured on a very 
large scale both in Europe and the United States. Oils such 
as linseed and whale oil, being low in price, are largely em¬ 
ployed, but not much cotton-seed oil, although the latter is 
now hardened to the required consistency and employed in 
the place of the so-called “compound lard which consisted 
originally of 80 per cent, of cotton-seed oil and 20 per cent 
of oleo-stearin. A little cotton-seed oil is being hardened in 
Europe for margarine manufacture. The total capacity of the 
hardening plants in Europe is estimated at 1,375,000 barrels 


of 400 Ih. and about half that <|uaiitity was mack? in loi.v 
while in the United States the capacity of tlic plant in that 
year was 500,000 barrels. 
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i9fr5 
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liquid 


fi4*l 



14.1'h 

H.iiiflriifi 

Marine animal oil 

47*2 
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Cififfifri 
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Cod-liver oil 
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1 'Oil 
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iffii'n 

59*3 

Sperm oil . 

5*1 


; 


f 11*7 

r/7 


A consular 

rcfiort 

on the trade 

of 

Marseilles in 

1913 


states that two factories were being built iiixir Marseilles fcir 


hardening oils, the capita! being British, atiil that a firni of 
candle makers had been hardeiiiiig nils by hydrogerialirin for 
over two years. The total oiitfiiit of liarclciied oik in ic/i j is 
put at 7000-8000 tons, which Wfiulcl jM'issibly Im ficiiibled in 

1914, 

One firm of caiKlie-makcr?i were iiiiporlifig Japatiesti tkti 
oil for treatment Hardened oils, it is stated, fetch as high 
prices as copra oil, although this state of thiiigs was iiot iikety 
to continue if larger quantities were produced. 
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With regard to detecting hardened oils in natural fats, this 
is a difficult problem, as the physical and many of the chemical 
characters are completely altered. Odour and taste entirely 
disappear, and the colour tests, such as Bechi or Baudoin 
reactions show only faintly or not at all. These hardened 
fats, however, contain a trace of nickel, which is readily 
detected by the following test: 5-10 grms. of the fat are 
heated in a test-tube with 10 c.c. of strong hydrochloric in a 
water-bath and shaken from time to time. The tube is cooled, 
the acid liquid separated and evaporated to dryness. The 
residue is then dissolved in a few drops of water and tested 
with a I per cent, solution of dimethyl-glyoxime, when if even 
only a minute trace of nickel be present a pink colour is 
produced, which is rendered more intense by addition of 
ammonia. The* test for nickel may also be performed on 
the ash obtained by burning 10 grams of the oil. 





CHAPTER IX. 


PHYSICAL AND CHEMICAL EXAMINATION OF OILS AND FATS. 

The examination of particular oils and fats has already been 
dealt with under the various headings, but there are certain 
tests which apply to all oils and fats and these will now be 
considered. The tests may be divided into two groups, 
physical and chemical. The physical tests consist of:— 
Specific gravity. ^ 

Melting-point. 

Solidifying point 

Solidifying point of the fatty acids (Titre test). 
Refractive index. 

And the chemical tests :— 

Acid number. 

Ether number. 

Saponification number. 

Reichert-Meissl number. 

Polenska number. 

Hehner number. 

Iodine number. 

Acetyl number. 

Also qualitative tests for particular oils and fats, examination 
of the unsaponifiable matter, and determination of glycerol 
when necessary. 

Specific Gravity .—The specific gravity of oils is usually 
taken at 15° C. and that of solid fats at some temperature 
above the melting-point, e.g.^ 40®, 60®, or 100® C. the com- 
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parisoii being made with water at 15° C. The determination 
may be carried out either with the Sprengel tube,' the pykno- 
meter, or specific gravity bottle, or the Westphal balance. 
The Sprengel tube consists of a U tube, both ends of which 
are drawn out as capillaries and bent at right angles to the 
limbs of the tube. There is a mark on each of the capillaries 
and glass caps for closing the ends. The tube is completely 
filled with the oil by dipping the one end into the liquid and 
exhausting the air by suction through the other end. The 
tube is then placed in a bath of water kept at 15° (40°, 60°, or' 
lOO"" for fats) and after about half an hour the excess of oil 
is removed by placing a piece of blotting paper against one 
of the capillaries and slightly inclining the tube until the oil 
just reaches both marks on the limbs. The tube is then re¬ 
moved, the caps are put on, the tube carefully wiped dry and 
then, after standing a short time, it is weighed. The tube is 
also weighed empty, and filled with water at 15°. From 
these data, the weight of the oil and the weight of an equal 
volume of water are obtained from which the specific gravity 
is calculated. 

The Westphal balance is shown in Fig. 76. This consists 
of a balance, one side of the beam being graduated. To this 
side is attached a glass rod which in this case takes the form 
of a thermometer for determining the temperature of the oil. 
There are a number of weights in the form of riders which 
may be hung on the hook or placed at different points on the 
beam as may be required. When the float is placed in water 
at 15° the largest weight hung on the hook will just bring 
about an equipoise. This equals i *00. With oils the same 
rider is placed at the mark 9 on the beam and the smaller 
riders added until an equipoise is obtained, the total weights 
giving the specific gravity. 

The Melting-Point —This is determined by drawing a little 
of the melted fat into a capillary tube. This may be left open 
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or scnial (fif by heat llic tube is attached to tlie bulb of a 
thermometijr !)y means of a small elastic baiul cut fnan a l)it 
of rubber tube. The thermometer is then placed in a bc*akcT 
partly filled with water, the latter hcin|^ stirrcjd while it is 
heated. In the open tube the fat rises as sficiii as it melts 
while in the closed tube it }>ecomes <:k;ar. llic rising-point is 
really the softening-point of iho fat, the true melting may he* 



Fuh yfi. W»lpli,*il bfilaiict'. 


a degree or two higher in somo cases, on the other hand softii* 
fats become quite clear liefore the actual fiieltirig-fioiiil. 

Solidifjing ami Miiiing^^i^nui af fV/j.—The: solifiifying 
and melting-points of oils are found by cwiiing them in a inisc* 
tare of ice and salt^ until solid, then renioiitig aiirl allfiwitig 
to melt again, the temperature being taken by a thermoifieter 
placed in the oil 

Titm 7kf/.™The solidifying point of the fatty tcicii nr litre 
test Is an important test for fats to be used for candle-iiiakiiig 
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(see p. 17^0 The fatty acids are obtained by saponifying the 
fat, decomposing the fat with acid, washing and drying the 
insoluble fatty acids and melting in a test-tube. The tube is 
hung in the neck of a large flask so that the fatty acids cool 
very slowly while they are stirred with a thermometer gradu¬ 
ated in xV c.c. At the commencement of solidification there 
is usually a rise in temperature of i°or 2° this point being the 
Titre. 

Refractive Index .—This is a very useful test for determin¬ 
ing the purity of many oils and fats, and may be carried out 
with only one or two drops of material. It is sometimes ex¬ 
pressed as the true refractive index (water = 1*33) or in 
degrees of the Abbe butyrometer scale. The instruments used 
in eifher case are similar (see p. iii), the graduations only 
being different. The ordinary refractometer is the best for 
general purposes as it has a greater range. 

Acid Number .—The acid number is the number of milli¬ 
grams of potassium hydrate (KHO) required to neutralize the 
free fatty acids contained in one gram of a fat or oil, and is 
•estimated by titrating a weighed quantity of the material to 

N 

which alcohol has been added with — potassium hydrate 

solution using phenolphthalein as indicator. 

Saponification Numbery which originated with Kotstorfer, 
•and is also sometimes referred to as the “ Kotstorfer 
number,” is the number of milligrams of potassium hydrate 
required to saponify one gram of the fat or oil, and is deter- 
imined by heating a weighed quantity of the material with a 
•definite amount of half-normal alcoholic potassium hydrate 
under an inverted condenser for half an hour, the solution 
being then titrated with a standard solution of hydrochloric 
acid. A ‘‘ blank test with an equal volume of the standard 
•solution is also performed, the difference giving the amount 
•of alkali required for the fat or oil. 


298 ' ANIMAL FATS AND OILS. 

Ether Number. —The ether number is the number of milli¬ 
grams of potassium hydrate required to saponify the neutral 
fat in one gram of the material, and is the difference between 
the acid and saponification numbers. 

Reichert-Meissl Number. —This figure is a measure of the 
amount of volatile fatty acids present in the fat. It was first 
used by Reichert who employed grms. of the sample. It 
has been more or less modified by other workers, notably 
Meissl and Wolny, the amount now employed being 5 grms. 
of material, and special methods of procedure have been laid 
down which it is necessary to follow in order to get concord¬ 
ant results. For fuller details see Lewkowitsch, Chemical 
Technology and Analysis of Oils, Fats, and Waxes, Vol. I, p. 
416. Shortly, the method is as follows : 5 grms. of the fat 
are saponified with 2 grms. caustic potash and alcohol, the 
alcohol is evaporated off, the soap is decomposed with 40 c.c. 
dilute sulphuric acid, the liquid is distilled until iio c.c. have 
passed over. The distillate is then titrated with a decinormal 
solution of potassium hydrate, using phenolphthalein as indi¬ 
cator, the number of c.c. thus used being the Reichert-Meissl 
number. 

Polenska Number. —This figure is a measure of the insoluble 
volatile acids. In this method, which must also be carried 
out as prescribed, 5 grms. of the fat are saponified by heating 
with 20 grms. of glycerine and 2 c.c. of caustic soda solution 
(50 per cent), the solution is diluted with 90 c.c. of water and 
50 c.c of dilute sulphuric acid (25 c.c. in i litre). The liquid 
is then distilled until no c.c. have passed over, the liquid is 
cooled to 15° C., ICO c.c. filtered and titrated as before. The 
insoluble acids in the flask are then rinsed on to the filter 
paper, dissolved in alcohol, and titrated with decinormal alkali. 
The number of c.c. of decinormal alkali used is the Polenska 
value. For further details see Lewkowitsch, loc. cit, p. 424. 

Hehner Number. —This figure represents the combined 
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amounts of the insoluble fatty acids and 
matter. Ten grms. of the sample are sapdhifep-%^lrlfc^^liic^ 
caustic potash, the alcohol is evaporated off and the soap de¬ 
composed with slight excess of dilute sulphuric acid. The 
fatty acids are melted, cooled, washed with water till free from 
mineral acid, then dried and weighed. 

Iodine Number ,—The iodine value as a means of discrimi¬ 
nating fats and oils was first employed by Hubl, whose method 
is described below. The solutions required for this test are :— 

1. Solution of mercuric chloride in absolute alcohol, 30 
grms. in 500 c.c. 

2. Solution of iodine in absolute alcohol, 25 grms. in 
500 c.c. 

These are mixed together in equal proportions and allowed 
to stand 24 hours before using. This constitutes Hubl’s solu¬ 
tion. 

3. Decinormal solution of sodium thiosulphate, 24*8 grms. 
per litre, accurately standardised against pure iodine. 

4. Potassium iodide solution, 10 per cent 

5. Starch solution. 

6. Pure chloroform. 

To perform the test o-2-o*3 grm. of oil or 0*5-1 *0 grm. of 
a fat is weighed out into a clean, dry flask, lo c.c. of chloroform 
is added and mixed by gentle agitation (if a fat it is melted 
first), 30 c.c. of Hubl's solution is then added and the flask 
stoppered and set aside in a dark place. A blank test is 
at the same time performed with the same quantities of the 
materials without the oil or fat. The time allowed for the 
test will depend upon the nature of the material; for most oils 
and fats it should be 3 hours, but drying oils require at least 
18 hours. At the end of this period 15 c.c. of the potassium 
iodide solution is added and 40 c.c. of water, and the excess 
of iodine is determined with the thiosulphate solution, using a 
little starch paste towards the end of the operation. The 
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titration iiHisI Ik: pnrfoniied slowly at the last, as the liolof 
colour (loc!s not at fjuc’a fiisappeai; aiu! thcna: is, thc!ia.‘fbrcr, a lia¬ 
bility overstep tlie mark. On slaiidiiii^ IIk.: cf^Iotiiiess 
licjuici a<.piin Ijccomes violet, but no notice iiiusi l>t: taken of 
this. I’he '0>lanklest is treated in cKactly the same wa>\ 
the <Hffcrcnce due to the iodine re(|iiirt!fl for the oil or 

fat. This is calculatcal an umj i^rius. of the fat, For this 
test Iht* puri! dry filtered fat must l>e eiiiployefi. 

Huhr.s test has lieen modified by Wij's, Hallci% and Hjiiiiis, 
l)Ut cmly with regard to the solution used, the methoch in all 
cases !)eiiig cHsentially the same. 

Wij’s reagent aaisists id a solution of iodine iiioiiochh>rick 
in glacial acetic acicl, and may be prefiared by dimcjivitig 
separately 7*9 grins, of iodirie trichloride and 87 grins, of 
iodine in glacial acetic acid, mixing aial making up to 1 litre 
also with glacial acetic acid. This solution retains its strength 
much !)etter than Hubf.s solution, and it has abo a more cmer- 
getic actiem, so that it allows of tiie test fieiiig coiiifjletcfl in 
inc«t cases in half an hour, and for drying oils iig at the nmsi, 
rt hours. The results are praclitadly the same as with Uiibrs 
.solution, usually, however, rather higher and more coiiHistcMif, 
With pure uiisalunited siibsUiiices it gives practically the* 
theoretical figures. An alternative metliocl of prcjiariiig Wijb 
solution IS to dissolve i \ griiis, of iiKliiic* in i hire of glacial 
acetic acid and pass in pure, dry chlorine gas until its tilratioii 
figure is exactly doubled, which priiiii may he tiotcfd by a 
marked change to a lighter colcnir. As sntai as this occurs 
the current of gas should he cut off. 

For dissolving the fat pure cariiori letrachlciricie is used in 
place of chloroform. 

Acetfi NumhK---‘-¥nf this test 10 grins, of itie fiit is liented 
with twice its weight of acetic anhyclrick tinder a reflux con¬ 
denser, The liquid ii then fMairai into 500 cc of iKiili'iig 
water and heated for half an hour. The acetylateil fat which 
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separates on the surface is washed with water till free from 
acetic acid, and dried. Five grms. of the acetylated fat are 
then saponified with a known volume of alcoholic potash, the 
alcohol is evaporated ofif, the soap dissolved in water, decom¬ 
posed with exactly the amount of a standard solution of 
sulphuric acid required to neutralize the alkali employed. 
The acetic acid liberated is then determined either by dis¬ 
tillation and titration of the distillate, or by separating the 
solid fatty acids and titrating the filtrate. The distilled water 
used in all these operations must be free from carbonic acid. 
The acetyl number is the number of milligrams of potassium 
hydrate required to neutra ize the acetic acid liberated from 
one gram of the acetylated oil or fat. 

Unsaponijiable Matter .—This will contain cholesterin (and 
also phytosterin if vegetable fats are present). If paraffin wax 
is present this will also be found in the unsaponifiable matter; 
for the method of detection see p. 151. Mineral oils and 
rosin oils may also be present as adulterants. Unsaponifiable 
hydrocarbons have, however, been detected as normal con¬ 
stituents in some of the shark oils, see p. 23. 

Cholesterol is present in all animal fats and oils; on the 
other hand, all vegetable fats and oils contain an isomeric 
substance named phytosterol or sitosterol. The sterols can 
be isolated from the unsaponifiable matter by recrystallising 
several times from alcohol. The appearance of the crystals 
is characteristic, but they are best identified by their melting- 
points, that of cholesterol being I48''-I50° C, and that of sito¬ 
sterol, 136"'-137® C. The sterols can be converted into their 
acetates by heating with acetic anhydride, and the acetates, 
after recrystallisihg several times from absolute alcohol, show 
very definite melting-points, pure cholesterol acetate melting 
at 114° C. and sitosterol acetate, 127° C. 

In some cases it is very important to know, as, for instance, 
with margarine, whether a fat is a pure animal or a pure 
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fat or a inixtiiru of the.* two; in nic-h a this !«!>! 
is tlin most conclusive*. 

Rccciitl)^ the stcn^ls have been isolatiai from fats aiul f»ils 
by means of cii|.|itoniiL Ae’coniiiig to Klostcnnaiiii and Opitz 
the material must first !>e sapunified anii the iiiisapfaiifiahle 
matter separated in the usual way, but Berz and AiigerliaiiHeii 
state that it is suffiriiait l<^ add an aicolifdic: solution of 
di| 4 :itoniii direct to the fat <u* nib ami, lifter acidiii|.^ cdiiorciffuaii, 
separate the alcohol, which contaiiiH the di|.ptciiiide in mis- 
pcnsioii, the latter heiiii^^ then filtered off This is cfiiifirfiicd 
hy Marcusson and Schilling, who wtirk in a similar iiuiiiiier. 
The coni|>ounds forrnefi by the action of digitoiiiii cm flic 
sterols are known as digitonkles ; by heating with acetic acid 
they are converted into the ccirrespoiicling acetates, which 
after purification by rccrystalHsation as above descrilied can 
be examined in the usual manner. 

The following colour tests for cholesterol may also be 
applied to the unsaf)onifiablc portion 

I/ajfers 7rsf as Min/ijit’d /{V Sa/A^tnasAy, -llii.: material U> 
be tested should be dissolved in aboiil 2 cc of chhu'oforiii, 
about 2 cx. of stremg sulpluiric acif! is now added and thr 
mixture shaken. If chfilcHtcriii is preseiit the: liquid asHiiities 
a hlood-recl colour which changes to a cherry^ed and tlieii 
purple. 

IJilarmamts 7V.r/.~l‘he materia! is dissolved in itcelic 
acid and a little strong sulphuric acid is {xaircd carefully dciwii 
the side of the lube. In preiunce of chrilesterin a vifilet- 
coloured ring is fonnccL 

Rosin, rosin acids, and rosin oils give .somewhat 
similar reactions, so that if any of these are preseril tlic tesl» 

would not be reliable. 

The following general observations on the physkai ariii 
chemical constants may be found useful 

Miiimg-F^ml-^Thh incrmscs with the ^cetilage of solid 


PHYSICAL AND CHEMICAL EXAMINATION. 


303 


glycerides and especially with the stearin. The solidifying 
point is usually 10° or 12° below the melting-point. The 
melting and solidifying points of the fatty acids are usually 
slightly higher than those of the fats and are close to each 
other. 

Specific Gravity .—The specific gravities of some of the 
blubber oils are extremely low, e.g-., sperm oil (0*876-0*883), 
some animal oils moderately low, e.g., neatsfoot oil, horse 
oil (0*913-0*920). The gravities of most fats and oils at 15° C. 
lie between 0*920 and 0*935. 

Refractive Index .—^This constant increases directly with 
the specific gravity in most instances, an exception is sperm 
oil, which with a low gravity has a moderately high refractive 
index. 

Acid Nmnber. —This is usually low in aniihal fats, but 
varies with the quality of the raw material and the length of 
storage. 

Saponification Number. —This is low with sperm oil (128- 
132) and high in butter fat (220-233). With most fats and 
oils it varies between 190 and 198. This depends upon the 
molecular weights of the glycerides or other compounds 
present. 

ReicherUMeissl Number. —This gives a measure of the 
amount of volatile fatty acids (butyric, caproic, caprylic). 
Most fats contain only traces of volatile fatty acids, equal to 
*3 to *5 per cent, of butyric acid, butter contains 6 to 8 per 
cent, coco-nut fat about 4 per cent, and palm-nut fat about 
3 per cent. 

Hehner Number. —This represents the amount of insoluble 
fatty acids plus the unsaponifiable matter. Usually the latter 
does not exceed 0*3-0*5 per cent, but in sperm oil it averages 
about 40 per cent The Hehner number of most oils and fats 
is about 95*5, that of butter fat 86-88, coco-nut fat 88-90, and 
palm-nut fat 91. 
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iotihit' ~ --'rhis varies with the ainuini! f>f uii‘Si!iini|t'(! 

^■lycerick’S (linc^HiL liiioleiiiii, vie.) prt'Sifiit. lluis it is low 
with solifi fats and hiyh with oils, vsptadall}* drying nils and 
fish oils. 

'Fhe nature of the oil or fat can he dctcriniiioi Iiy sepaml" 
in|^ the fatty acids having lead salts soluble in ether aiici irsti- 
inating their iodine value. 'Hk! folfinviiiL arc the icaline \*aItieH 


)f these imsat united 

acids : 

Aysmn «»f 1 kn 

iKii'if'sr' ,\'r.;rr}|.-rs 

Xuur*. 

1 ‘orrnislii. 

1 ,\frilrt iilr of Aesd, 

IV t t r !1 

Hyptti'cit. 


.! 

lutm 

Phy^etokit: 


1 

uarn 

Oleic 


;i 


Jecolric . 

t'ndbd tj 

i! 


liriicic 

I,,P, 

;? 


Rkkioleic 

I3 

2 

urm 

LtmUtc . 

CtuUJK 

4 

iUrcf 

finolenic. 

C|,iHgj,C It 

C> 


Jecoric 

CAhsP-i 

fi 


CIup;ioodf>ntc . 

CAUh 

H 

'ifjH-11 


Afttyi Niiiiiifer. I'liis is a ous'isiirc: of tlie hvflrci.x) lated 
fatty acifis contained in an cfiL llic rfnurt*s, cxct:pt in ;i feiv 
cascSj are Hinall, varym|.j from i ‘U incicoaiiit fat -L! in liorM! 
fat» acoirdini^ to Lewkowitsch. 

In the cxamiiiatioii of fats it is not alone a of 

identifying a certain fitiaiid estiiblisliiiig its purity, hiil regard 
must also f>e paid to tlie presence €:.if soaps, frc:c fatty m i#is 
and extraneous non-fatty inatters^ such as mailer, resins, and 
hydrocarlKins. Soaps may be removed by shaking tip llitt 
carbon bisulphide sokiticwi fddhe* fat ivilh water. Hit: jireseiict: 
of free fatty acids in fats, except iii large aiticiiiiib caiiiiot Im: 
cemsidered an adulteratioin since they an: generally jireseiil in 
small amount. Occasionally, however, the cicciirrciice of fret: 
fatty acids indicates decoinix'isition (rancidity) nf the fat in 
the absence of free fatty acids, rosin can l« fkicxicci by slink- 
ing up the oil with moderately strong aiccihol and €%si|jijraliii|| 
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the latter. The separation of rosin acids from free fatty acids 
is most suitably effected by the method prescribed by T. S. 
Gladding, which is based on the ready solubility of silver 
resinate in ether, whereas silver nitrate, oleate, stearate, etc., 
are almost completely insoluble therein. Also by TwitchelFs 
process, the fatty a^ids being dissolved in alcohol and dry 
hydrochloric acid passed in whereby the true fatty acids are 
converted into esters, which are neutral, while the rosin acids 
are left unaltered and, after washing to remove the mineral 
acid, can be estimated by titration. Hydrocarbons can, in 
general^ be detected by saponifying the sample with alcoholic 
potash (5 grms. of oil, 2 grms. of potassium hydroxide, 25 c.c. 
of 90 per cent, alcohol), the resulting soap being mixed with 
pure sand, the alcohol driven off by evaporation on the water- 
bath at a temperature not exceeding 50° C., and the residue 
extracted with ether or petroleum spirit, the hydrocarbons 
present being left behind on the evaporation of the solution. 

1613 

, r 
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A. 

Acetic acid, 12, ri8. 

Acetyl number, 300, 304. 

Acid number, 297, 303. 

Acids, 12:— 

Acetic, 12, 118. 

Arachidic, 12, 229. 

Asellic, 262. 

Azelaic, 28. 

Behenic, 12, 229. 

Benzoic, 122. 

Bilifellic, 234. 

Boric, 122. 

Butyric, 12, 13, loi, 104, 118. 
Capric, 12, 15, 104. 

Caproic, 12, 13, 15, 104, 118. 
Caprylic, 12, 15, 104, 118. 
Carnaubic, 12. 

Cerotic, 12, 17. 

Cholic, 234. 

Clupanodonic, 304. 

Daturic, 12. 

Dibromostearic, 18, 

Doeglic, 12, 13, 19, 208. 
Elseomargaric, 12. 

Elaidic, 18. 

Erucic, 12, 304. 

Fellic, 234. 

Formic, 118. 

Gadoleic acid, 12, ig, 234. 
Heptadecylic, 262. 

Hircinic acid, 164. 

Hypogeic, 12, 17, 304. 


Acids:— 

Isobutylacetic, 13. 

Isocetic, 12. 

Isolinolenic, X2, 262. 

Isovaleric, 12, 13. 

Jecoleic, 12, 19, 234, 304. 

Jecoric, 262, 304. 

Lactic, 100. 

Laurie, 12. 

Lignoceric, 12. 

Linolenic, 12, 262, 304. 

Linolic, 12, 19, 137, 262, 304. 

Lion train, 245. 

Margaric, 12. 

Melissic, 12. 

Metaphosphoric, 270, 271. 

Myristic, 12, 103, 234, 254. 

Oleic, 12, X7, 103, 304. 
Orthophosphoric, 270, 271. 
Oxyjecoric, 262. 

Palmitic, X2, 15, 103, X70, X73, 219, 
254. 

Phosphoric, 270, 271. 

Physetoleic, 12, 13, 17, 202, 208, 304. 
Pyrophosphoric, 270, 271. 

Ricinoleic, X2, 304. 

Rosin, 244. 

Salicylic, X2i. 

Stearic, 12, 16, 103, x66, 172, 212. 
Therapic. 234, 235. 

Tiglic, 12. 

Valeric, X2, 207. 

Acrolein, 8, X59. 

C 207^ 
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Butcher’s lard, 145. 

Butter, 8, 91-124. 

— adulterations, 106. 

— artificial, 124. 

— ash in, 114. 

— churns, 97-102. 

— composition, 103. 
constants, 105, 

— drier, 129. 

— estimation, 114. 

— fat, composition, 103. 

— machines, 97-102. 

— melted, 106. 

— microscopici examination, 129. 

— milk, 100. 

— mill, 130. 

— oil, 105. 

— preservatives, 121. 
properties, 102. 
testing, 108. 

— water in, 113. 

Butyric acid, 12, 14, 103, 118. 

Butyrin, 13, 103. 

Butyro-refractometer, no. 

C. 

Cachelot oil, 207, 

Cage press, 83. 

Candle-fish oil, 249. 

Capric acid, 12,15, 104. 

Caprin, 13, 103. 

Caproic acid, 12, 13, 15, 104, ir8. 
Caproin, 13, 103. 

Caprylic acid, 12, 15, 104, ri8. 

Caprylin, 13. 

Carbon bisulphide, 158. 

— tetrachloride, 61, 75. 

Carnaubic add, X2. 

Casein, 102. 

Cask tallow, X57. 

Caspian seal oil, 203. 

Catalysts, 283, 288, 289. 

Catalytic hydrogenation, of oils, 279- 

293- 

Centrifuges, 94. 


Cerotic acid, 12, 117. 

Ceryl alcohol, 13, 275. 

— cerotate, ii. 

Cetin, II, 212. 

Cetyl alcohol, 13, ig, 278. 

— oxide, 212. 

— palmitate, ii, 217. 

Chinese lard, 137. 

Cholesterol, 13, 20, 273, 301. 

Cholic acid, 234. 

Churns, 97-102, 127. 

Clear brown liver oil, 233. 

— pale liver oil, 233. 

Clupanodonic acid, 304. 

Coal-fish oil, 235, 238, 242. 

Coco-nut oil, 119, 173. 

Cod-liver oil, 230-239, 242. 

I Colour reactions of fish oils, 205. 
Compound lard, 139. 

Core suet, 33. 

Cotton-seed oil, 175. 

— stearin, 175. 

Cream, 93. 

Crocodile oil, 251. 

Curcuma, 106. 

D. 

D’Arcet process of tallow melting, 160. 
Daturic acid, X2. 

Davis’ churn, 98. 

D^gras, 255-270 

— black, 269. 

— commercial, 265. 

— examination, 257. 
fish oil, 263. 

— former, 261. 

— olein, 268. 

— waste fat, 269. 

De Laval separator, 94. 

Dibromostearic acid, x8. 

Dippel’s oil, 2bo. • 

Distilled wool fat, 167, 175, 273. 
Doeglic acid, 12, 18, 208. 

Dog fat, 2. 

Dolphin, 7. 
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Fats and oils. Animal1 
Shark, '435, 242. ! 

“ liver, 235, 242. I 

Sheepsfoot, 195. i 

South AmericaiF(tallow), 172. | 

Spanish fish, 222. 

Sperm, 207, 20S, 209. 

Sprat, 222, 223. I 

Swedish fish, 203, 222. : 

three crown,” 218. 

Tallow, 3, 8, 152-180. 

Tanner’s grease, 255. I 

Turtle, 248. 

Veal, 110 , 

Viennese (tallow), 172, 174 
W^alrus, 219, 

Whale, 203, 2x3. 

Wool, 175, 270-278. 

Fats and oils. Mineral 
Blue oil, 244. 

Fats and oils. Vegetable:'- 
CocO'nut, 117, 119, 123. 

Cotton-seed, 175. 

Palm-kernel, 117, 119, 173. 

Resin, 245. 

Fat-cutting machines, 34, 35. 

I"at-extraction plant, 60-77. 

Fat, formation of, 5. 

Fat-grinding machinery, 32. 

Fat-melting apparatus, 26-60. 

. hy steam, 43-60. 

— in open pans, 36-42. 

with caustic soda, 161. 

— —- with sulphuricacid, 41, t60' 

Fat presses, 77-90. 

Fattening of animals, 7. 

Fatty acids, 12, 

liquid, 148. 

—* ~ volatile, 14. 

F^esca’s centrifugal machine, g6. 
Filberts’ process, 133- 
Filter presses, 87-90. 

Filtering apparatus, B7-90. 

Fin-back whale oil, 2x4. 

Fish glue, 203. 


Fish liver oils, 203. 
oil press, 86, 88. 

— oils, 202, 203, 221. 

— — testing, 239. 

— scrap, 224. 

— stearin, 2x4, 

■— tallow, 167, Tyx, 203, 2x4. 
P''Iorentine tallow, 172. 

I'luorides, 122. 

Friedberg’s bone steamer, rgi. 

G. 

Gadoleic acid, 234. 

Gall constituents, 234. 

Gellhorn, Flottmann plant, 44. 

Ghee, 123. 

Ghi, 123. 

Glue, i8r-i92. 

Glycerine, 3, 13, 19. 

Glycerol, 3, 13, rg. 

Goat fat, X72. 

Goose fat, 252. 
i Greave tallow, 158. 

I Greaves, r 55 'X 59 - 
i — presses for, X55-158. 

Greenland seal oil, 2x8, 2x9, 

— “ three crown ” oil, 218. 

whale oil, 2x5. 

Grinding machinery, 32, 

Gulachon oil, 249. 

H. 

Haddock liver oil. 242. 

Hardening tallow, 176. 

Hare fat, 251. 

Hehner number, 120. 

HeintscheFs plant, 53. 

Heptadecylic acid, 262. 

Herring oil, 222, 223. 

Hexylamine, 235. 

Hog fat, 7, 134-150. 

Holdhaus’ fat-extracting apparatus, 67. 
Holstein churn, g8. 

Horse fat, 199. 

grease, rgg. 

— oil, 20D. 
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%lcrlaiigii 4 luL .'§ 4 . 

Mf:l 4 plprt| 4 wk ##i:ui, o/i 

Ifilk, i|!, 

pj. 

^ ■■ »c|i»iairflt ¥P 
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Milk separators, 94. 

— skim, 92 

— sugar, 92, 100. 

— whole, 92. 

Moellon, 265. 

Mollo, 265. 

Morrhine, 235. 

Moulding machine for margarine, 132. 
Mutton fat, 164, 165, 171, 172. 

— stearin, 165. 

— tallow, 164, 165, 171, 172. 
Myricyl alcohol, 13. 

Myristic acid, 12, 103, 254. 

N. 

Narwhal oil, 207. 

Neatsfoot oil, 195. 

— —■ properties, ig8. 

Neck fat, 152 

Neutral lard, 144. 

Newfoundland liver oil, 231. 

— seal oil, 218. 

New Holland seal oil, 219. 

Nickel, test for, 293. 

O. 

Occurrence of animal fats, i, 5. 
Octodecyl alcohol, 13. 

Odour of animal oils, 8. 

Oil, blue, 244. 

Oleic acid, 12,17,103,170,173, 254,268. 
Olein, II, 103, 104, 137. 

— degras, 163, 165, 268. 

Oleo, 33. 

Oleomargarine, 124, 166. 

Oleum, animale Dippeli, 200, 

Olive oil, 167. 

Origin of animal fats, 5. 
Orthophosphoric acid, 270. 
Overfattening cattle, 7. 

Oxycholesterol, 273. 

Oxyjecoric acid, 262. 

P. 

Palmitic acid, 12, 15, 103,170,173, 219, 

254. 

— cetyl ether, II, 212. 


Palmitin, 10, 103, 137, 165, 166. 
Palm-kernel oil, 119, 173. 

Pan for bone boiling, 185. 

Panniculus adiposus, 5. 

Pans for fat melting, 36-60. 

Paraffin wax, 151. 

Parisian tallow, 166. 

Penguin oil, 221. 

Phosphatides, 20. 

Phosphoric acid, 270, 271. 

Physetoleic acid, 12, 13, 219. 
Physetolein, 203. 

Phytosterol, 13, 240. 

Picolin, 159. 

Pilchard oil, 222, 223. 

Polenska value, 116, 298. 

Pollack oil, 203. 

Porpoise oil, 206. 

Portable melting stove, 36. 

Premiere torse, 261. 

Premier jus, 53, 125. 

Preparation of animal fats, 3, 30-90. 

■— hog fat, 135. 

— — tallow, 153. 

Preservatives in butter, 121. 

Press tallow, 33, 126, 165. 

Pressed whale oils, 216. 

Presses, 77-90. 

— hydraulic filter, 87-90. 
Pressing blubber, 31, 86, 206. 
Propylamine, 235. 

Pyknometer, 295. 

Pyridin, 159. 

Pyrophosphoric acid, 270, 271. 

R. 

Rancidity, 27. 

Raw tallow, 33. 

Ray liver oil, 236. 

Ray oil, 242. 

Refining bone fat, 193. 

— ■ tallow, 176-180. 

Refractive index, no, 297. 
Refractometer, in. 

Reichert-Meissl number^ 116, 298, 303. 
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I 


K(*-jnrllc-cl hutiri, lof). 

Rcmdroni.: fat, v;f» i«n MS* tSi 

HJ.!. 

Rt'iint’h* hiittr.i iiiac:hiiii% rjiH. 

Kt'Hiii oil. *!45. 

Ricinolric, acid, u. 
kivoir’s fat aiill, 

plant, sf. 

Kobhin’s cxtracioi, 7/. 

Rcndri, fk:tr€lirin, 
kiPisiaii 

tallow, 171. 

S. 

Haffroti, !«#}. 

Salkylic acid, lai, 

Bahttoii oil, aaa, 233. 

Baponitkation, eqiiivalteitt, ^1^7* joj, 
valtict a97, 303, 

Sardellii oil, 

Hardine oil, aaa, M3, 

Batiiratccl hydrcKrarbon* in shark oil,;? 
HchwciizcrV cxtraciioo platii, 71, 
Scrotum fat, tst. 

Sea aoisnal oiln, ;!»'«» 

Sea‘Call oil, 217. 

Sea=doi4 oil, 217, 

Hcs 4 »dcphaiit (dl, 219, 

Sea-Iccipard oil, -dtn 
Sodioit oil, 210. 

Heal oil, 203, 2ifi, 3 jH. 

Becfmcl run tallow, 15K, 

Bcparalori, 94. 

Best me oil, 150. 

Seychcltc oil, 24H. 

Shark-llvtr oil, 335, 243. 

Shark oil, 235, 34'i. 

Shcepfoot oil, 105. 

Simple peisci, 77. 

Skate oil, 243, 

Skim milk, 9a, 

Sod oil, a59, 

Solid fate, i* 

d«t«;ti0it in fiiixtofei, 144* 
— OMyacids In dlgrat, tdi* 


Scflvnii f fdaoi, ^1*1 77. 

Sfoiili ,\iiM Sis .11} tillow, r/'.f, 

Nr.i M'lil Ijil ilH, 

Spasioili li; 4 i oil i,v. 

S| Cl itit ,M|, 

l»oislr, .riM. 

Hpriiii fiil, ,jti7, 4 iHi, 

S|‘+ciiiiat rti, ,;i/, 

Sptiifllr 

Spiai <isl, 222, *f2|. 

S|iirii||rl liibr, 

htcatii laid, i^.f. 

iiirlliiig |V4isii, I I'fMi, 

Straining Ilf Him, sWf. 

Stinifk acid, 12, ili, nh, Oif, wii, 

i 

^ hiearffi, f 1, iiij, aji. 

I —' frc*iMi% 171, 

— prewi, U%, 

Httrrili, 3113. 

Storage plicr» of fat, 7. 

■| Htilmlilutioii pfiiihiclji, 27. 

Stiff d’l'^ducliiin lO';. 

Siiint, 271». 

Siilplnircltrd liyilfogrii, 

Swrdi^dt fi*4i oil, 222. 

“ lliirr cfiiWfi ’* oil, 

T. 

1 'allfrtr, tHti, 

ailMltriatfoiifi, 1117, 
tierf, 15;*. 

Iilcaclfiiiii, lyli. 
cstifiiiiiatifiii, tfiM, 
lyfi. 

fiicliiiig fdafst, J7‘,s«, 
iiititt«)fi, 564, 

Oil, tftf, 

I ■- pfepfifig, 151, 

I pfop«fti»* 1%, till* 

i « feliriiii|, I7§. 

i — lyt, 

I Tani}«% greiae, t$%, 

T«tlng imttcf, n^t’i|, 

.i — d«gr»«, a57-*W. 
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Testing fats and oils, 294-305. 
fish oils, 236-243. 
hog fat, 139-150. 

• - spermaceti, 212. 

- tallow, 163, 167-176. 

Therapic acid, 235. 

Tiglic acid, 12 . 

“ 1 iter ” of tallow, 171, 296. 

Toncoii’s plant, 37. 

Total oxyacids in d^gras, 262. 

Train tallow, 216. 
oils, 204, 217. 

— artificial, 243. 

Triarachin, ir. 

Tributyrin, 9. 

Tricaprin, xo. 

Tricaproin, 10. 

Tricaprylin, 10. 

Triglycerides, 9. 

Trimethylaminc, 235. 

Trimyristin, xo. 

Triolein, ri. 

Tripalmitin, 10. 

Tristearin, ri. 

Turtle oil, 248. 

Twitcheirs fatty acid test, 305. 

U. 

Unpressed whale oil, 2x6. 
Unsaponifiable matter, 301, 
Unsaturated hydrocarbons in shark 
liver oil, 24. 


Valeric acid, 12, 207. 

Valuation of tallow, t6H. 
Viennese tallow, 172. 

Virgin tallow, 158. 

Vitamines, 22. 

Volatile fatty acids, X4, 104, r 17. 
Vulcan oil, 243. 

W. 

Walrus oil, 219. 

Waste fat, ddgras, 269. 

— grease, 255. 

— train oil, 22J. 

Weddell seal oil, 221. 

Westphal balance, 295* 

Whale fat, 216. 

oil, 203, 2x3. 
stearin, 203. 

Wilson’s plant, 42. 

Winter’s method, 133. 

Wool fat, 175, 270-278, 

— — dii|tilled, X67, 175, 273, 

puxification, 275, 

~ — purified, 273, 

Z. 

Zeiss’ butyro-refractometcr, no. 
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